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EXECUTIVE SUMMARY

The need for military aircraft that will operate from short
unimproved airfields, and the decks of smaller aircraft carriers
has increased in recent years due to a changing world situation
and the shrinking of the dollar. Such aircraft need to be fuel
efficient, quiet, maneuverable, have low infrared signature, and
carry a large useful load.

The Ball-Bartoe "Jetwing" is a single engine upper surface
blowing concept which offers the possiblity of achieving these
objectives. The "Jetwing" concept achieves supercirculation lift
and STOL performance by ducting all engine air through the
leading edge of the wing and ejecting it over the top surface of
the wing through a slot nozzle. This nozzle extends along
approximately 70% of the wing span. A Coanda flap is mounted at
the trailing edge of the blown portion of the wing. In addition
to the main wing, a smaller wing panel is mounted above the slot
nozzle. The air passage between the main wing and the smaller
upper wing acts as an ejector to reduce installed thrust losses.
For high speed applications the concept may be used without this
upper wing. A thrust reversing method is also incorporated into
the concept. The thrust is reversed by rotating the top of the
slot nozzle so as to close the nozzle and open a reverse flow
path.

The "Jetwing" concept has been incorporated into a research
aircraft. The Jetwing research aircraft is a single seat, jet
aircraft of conventional design powered by a Pratt and Whitney of
Canada JT15D-1 trubofan engine of 2200 pounds static thrust. TheK aircraft has a wingspan of 21.75 feet, a wing area of 105.6
square feet and a maximum gross weight of 3750 pounds.

•This report covers the flight test program of the Jetwing
research airplane.hich was conducted for Naval Air Systems
Command by the-UnIversity of Tennessee Space Institute. The pur-
pose of the flight test program was to validate NASA Ames
Research Center 40 x 80 foot wind tunnel data on the aircraft by
flight test, and to obtain performance, stability, and control
data sufficient to evaluate the Jetwing concept for future appli-
cation to other flight vehicles.

The Jetwing research aircraft has flown in level flight at an
equivalent airspeed of 53 knots. However, at that speed it has
sufficient excess power to climb at a four degree climb angle.
The 53 knots airspeed corresponds to a lift coefficient
of approximately 3.5. This lift coefficient is achieved with a
30* deflection of the Coanda flap and without leading edge devi-
ces. The blowing coefficient at the lift coefficient of 3.5 was
approximately 1.0. The minimum speed capabilites of the Jetwing
research aircraft are limited in free flight by horizontal tail
stall. However full scale data from the NASA Ames Research
Center 40 x 80 foot wind tunnel have shown the aircraft to be
capable of lift coefficients in excess of 5.0. Where not prohi-
bited by the tail stall, the flight test results agree well with
the tunnel data.
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In addition to the horizontal tail stall, the research
aircraft is longitudinally unstable. However, it is felt that
both problems can be corrected by a properly designed horizontal
tail, and such tail redesign is recornended.

In spite of the longitudinal stability problem the aircraft
has acceptable handling qualities in both 3 and 60 glideslope
approaches. These acceptable handling qualities are the result
of small longitudinal trim changes and excellent flight path sta-
bility. Due to the powered lift, the flight path angle is nearly
a direct function of power setting, and large changes in approach
speed have little effect on the glide path. This fact reduces

I the pilot workload during an approach considerably.

In conclusion the Jetwing concept shows promise as a single
engine, upper surface blowing, short takeoff and landing concept
for application to several military aircraft categories. Its
further development is recommended.

i
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SECTION I

INTRODUCTION

This report covers a flight and ground test evaluation of the
Ball-Bartoe "Jetwing" Short Takeoff and Landing (STOL) Research
Aircraft. These tests were conducted by the University of Tennessee
Space Institute, Tullahoma, Tennessee for the Advanced Aircraft
Development and Systems Objectives Office (AIR-O3PA) of Naval
Air Systems Command under contract Number N00019-80-C-0126. This
evaluation was conducted as a part of Naval Air Systems Command
continuing evaluaton of new technology which may have applica-
tion to future Naval aircraft.

The purpose of the evaluation was to validate data obtained on
the test aircraft in the NASA Ames Research Center 40 x 80 ft. wind
tunnel by flight test, and to obtain performance, stability, and
control data sufficient to evaluate the Jetwing concept for future
application to other flight vehicles.

The specific objectives were:

1. Aircraft checkout and pilot familiarization.

2. Airspeed calibration encompassing both high and low speed
ranges.

3. Measurement of aircraft performance including takeoff and
landing performances.

4. Determination of aircraft lifting capability, including lift
variation with angle of attack.

5. Measurement of longitudinal stability to include neutral
point determination, short period and long period dynamic stability
characteristics, and flight path stability.

6. Measurement of maneuvering stability, including location of
the maneuver points.

7. Determination of aileron effectiveness throughout the speed
range, and with several flap positions.

8. Measurement of lateral-directional stability to include both
static and dynamic stability characteristics.

9. Evaluation of the landing approach characteristics, with par-
ticular emphasis on the STOL mode of operation.

10. A static determination of net thrust available using laser
velocimeter measurements.
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I
With exception of item 10 all test objectives were met.

However, it should be pointed out that the test methodology and tech-
nical approach were constrained by program budget, and the phy-
sical size of the test vehicle. As a result, some of the test
methods used may not be considered "state of the art." They are,
however, reliable methods which provide valid data.

Although an attempt was made, and considerable useful data

collected, it was not possible to obtain an accurate measurement of
static thrust using the laser velocimeter. The reasons for this
failure, and the changes ii method and equipment to prevent. it on
future attempts are discussed in the body of the report.

-I
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I SECTION II

DESCRIPTION AND BACKGROUND

OF THE TEST ARTICLE

I DESCRIPTION

The Jetwing STOL research aircraft is a single engine,
single seat, upper surface blowing (USB) powered lift, jet
aircraft with conventional landing gear. (Figures 1 & 2).
Figure 3 is a three view drawing of the aircraft showing its
general arrangement. Table I lists other pertinent design
features and dimensions.

The powered lift concept used on the Jetwing aircraft allows
upper surface blowing (USB) from a single jet engine. Upper sur-
face blowing has previously been limited to multi-engine con-
figurations such as the Boeing YC-14 and NASA Quiet Shorthaul
Research Aircraft (QSRA). In the "Jetwing" concept USB is
achieved from a single engine by ducting a'l engine air (both
from by-pass and core exhaust) to a slot rtzzle on the upper sur-
face of the wing. The nozzle is located at approximately 30-40%
of the wing chord and extends along approximately 70% of the wing
span. The fan by-pass air is ducted to the outboard portion of
the wing while the core exhaust is ducted to the inboard portion
of the wing as is shown in Figure 4. Located above the nozzle is
a separate, and mucn smaller wing surface. The purpose of this
surface is to act as an ejector or thrust augumentor. A Coanda
type, single element flap is located at the trailing edge of the
wing along the portion of the wing span covered by the nozzle. A
two dimensional sketch of the arrangement is shown in Figure 5.

The concept may be used with, or without, the smaller upper

wing surface which wind tunnel tests have shown to have negli-
.1 gible effect on powered lift capabilities (See Figures 6 and 7).

However, all testing reported herein was conducted with the upper
wing installed. A follow on effort will evaluate the Inflight

1 performance of the concept with the upper wing removed.

Incorporated into the fan by-pass air nozzle is a thrust
reverser which is operated as is shown in Figure 3.

I Since the USB covers such a large portion of the wingspan, a
separate bleed air system for the ailerons is not required.
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II TABLE I
i JETWING PHYSICAL DESCRIPTION

Powerplant Pratt & Whitney JT15D-ij Turbofan

Rated Takeoff Thrust 2200 LB. Static Thrust @ Sea Level
Standard Conditions (Uninstalled)

Rated Maximum 2050 LB. Static Thrust @ Sea Level
Continuous Thrust Standard Conditions (Uninstalled)

Maximum Continuous 1750 LB. Static Thrust @ Sea Level
Thrust as Installed in Standard Conditions
Jetwing Aircraft

Fuel Capdcity 106 Gal.

Maximum Takeoff 3750 LB.
Gross Weight
Empty Weight 2330 LB. Without Ballast

Bal'last 412 LB.

Center of Gravity Location 35.5% M.A.C.
with Ballast, Pilot and
Full Fuel

Wing Airfoil Section NACA 23020 Modified at Root
NACA 23015 at Tip

Wing Span 21.75 FT

Wing Area 105.6 FT2

Aspect Ratio 4.48

SMean Aerodynamic Chord 5.08 FT

. ITaper Ratio 0.46

Wing Incidence 00 Root
0 0 TipI|

I, :. . . . . .. . . .
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Upper Wing Airfoil Se.,tion Clark Y-12% Thickness

Upper Wing Span 15.1 FT

Upper Wing Area 23.16 FT2

*Upper Wing Position
Measured at Trailing
Edge of Upper Wing at
the Inboard Support
Fairing

"**Position #1 5.437 IN

Position #2 7.625 IN

Position #3 6.531 IN

Incidence Angle With Approximately 50
I-ower Wing Chord

Aileron Type Setback Hinge

Aileron Span 35.75 IN Each

Aileron Area 3.44 FT2 Each

Aileron Deflection + 25'

i Flap Type Coanda Single Element

Flap Span 69 IN Each

Flap Area 10.6 FT2 Each

J Flap Deflection 00 to 550

Horizontal Tail 8% Thick Symmetrical
Airfoil Section

Horizontal Tail Span 9.33 FT

*See Appendix 1 for Internal Dimension of Ejector and Area Ratios
"-*Position Used for Flight Tests

SI

I °

~.1
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Horizontal Tail Area 27.5 FT2

Horizontal Tail Aspect Ratio 3.16

Horizontal Tail Volume PH) 0.74

Elevator Area 13.25 FT2

Elevator Deflection +290 to -250

Horizontal Stabilizer +200 to -2'
Trim Deflection

Vertical Tail 8% Thick Symmetrical
Airfoil Section

Vertical Tail Span 5.67 FT

Vertical Tail Area 18.33 FT2

Vertical Tail 1 .75
Aspect Ratio

Vertical Tail Volume (VV) 0.115

Rudder Area 8.06 FT2

Rudder Deflection + 200

Engine Exhaust Nozzle Area
(at top surface of wing)

Fan Duct Total 156.2 IN2

Gas Generator Duct Total 96.3 IN2

"Aircraft Length 28.6 FT

Aircraft Height 6.1 FT

Construction

Fuselage Welded Steel Tube Truss
Covered With Titanium and
Al umi num

Wing Built up Aluminum and Titanium

Tail Built up Aluminum
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I
Landing Gear Conventional, Retractable

I Egress System None

Longitudinal Control System Reversible With Pushrod Linkage
to Elevator

Longitudinal Trim Electrically Actuated TrimmableJ ~StabilIi zer

Directional Control System Reversible With Cable LinkageIto Rudder

Lateral Control System Reversible With Pushrod Linkage
to Ailerons

Moments of Inertia and
Component Weights See Appendix III

'1

1]

ii
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-~~ FIGURE 4 JETWING OUCTING ARRANGEMENTJ] (FROM REFERENCE 1)

Ejco Coanda Flap

Internal Ducts
(Jet exhaust on inboardjportion of wing. FanIN
bypass air outboard

portion of wing.)

FIGURE 5 TWO DIMENSIONAL VIEW OF JETWING CONCEPT
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EjectorThruSt Reyverser

] Coanda Flap

i

I Internal Ducts

I

"I FIGURE 8 TWO DIMENSIONAL VIEW OF JFTWING CONCEPT
WITH THRUST REVERSER DEPLOYED
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BACKGROUND

The "Jetwing" concept was conceived by Mr. 0. E. Bartoe
while he was Vice President and General Manager of Ball Brothers
Research, a division of the Ball Corporation. Mr. Bartoe felt so
strongly about his ideas that he was able to convince the manage-
ment of Ball Corporation that they were worth spending corporate
funds to develop. This led to the formation of a separate com-
pany, called Ball-Bartoe Aircraft Company (with Mr. Bartoe as its
President), to develop the "Jetwing" ideas into a proof of con-
cept research aircraft.

Development started on the Jetwing research airplane in
1973. The airplane was completed and ready for testing by
December of 1976.

Full scale testing started in December of 1976 in the NASA
Ames Research Center 40' x 80' wind tunnel. A large matrix of
aircraft configurations were tested in the full scale wind tunnel
of which figures 6 and 7 are examples. Other data from these
tests are also available for comparison with flight test data and
with data from other USB concepts. An evaluation of the wind
tunnel data revealed that the aircraft was neutrally stable to
unstable longitudinally at the centers of gravity where it was
likely to be flown. As a result about 300 pounds of lead ballast
was added to the nose of the aircraft prior to the start of
flight testing.

The first flight was conducted at Mojave, California on July
11, 1977, by Mr. H. R. Salmon. This flight confirmed the insta-
bility, and as a result an additional 100 pounds of lead ballast
was added. Forty seven flights were flown at Mojave for a total
of 34 hours. During this testing it was discovered that the
horizontal tail would stall whenever the flaps were lowered to
angles in excess of 400 in combination with flight speeds of
about 50 knots indicated airspeed. As a result a safe flap
"deflection of 350 was established. (Testing reported in this
report did not use flap deflections in excess of 30°). A certain
amount of quantitative performance data were gathered during the

' 1 Mojave testing, but its usefulness is limited due to the lack of
;'. Jcalibrations on instruments and airspeed system.

Upon completion of testing at Mojave, the aircraft was
ferried to the Ball-Bartoe Aircraft Company facility at Boulder,
Colorado, where some testing and demonstration flying continued.
An addltonal 44 flights and 32 flight hours were accumulated upon
the aircraft during the ferry trip and test flying at Boulder.

In December of 1978, the Jetwing research aircraft and its
conceptual patents were donated to the University of Tennessee.
On February 19, 1980, the University of Tennessee received
Contract N00019-80-C-0126 for the flight and ground testing which
is described in the remainder of this report.

I - -- -II• I Il
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SECTION III

POTENTIAL APPLICATIONS

OF JETWING CONCEPT

The Jetwing concept offers a number of items useful on military
aircraft. The primary item being STOL performance for single engine
designs through applicaton of USB. Other items are:

1. Increased Payload when, STOL performance is not required.
In such cases, the additonal lift due to USB can be used
to carry a greater load.

2. Enhanced Maneuvering by use of a Coanda flap programmed
to deflect with increasing load factor. Such a flap
system will provide increased lift through both deflected
thrust and supercirculation lift.

3. Thrust Augumentation or Minimum Installed Thrust Losses,
if the ejector portion of the concept is also used.

4. Low Infrared Signature due to ambient air mixing and
shielding. This could be improved by mixing the cold
and hot ducts upstream of the nozzle.

5. Low Noise Signature due to the slot nozzle, ambient
air mixing, and shielding by the wing.

6. Simple Low Cost Design when compared to other powered
lift STOL approaches.

Potential applications for the concept include:

1. Subsonic Fighter/Attack aircraft such as those shown in
Figures 9 and 10. Figures 10 shows a modification of
the concept in which only the fan by-pass air is
ducted over the wing. In such a design an after-
burning turbofan engine could be used. As was men-
tioned in a previous section the upper wing surface
could be omitted without adverse effects.

2. Supersonic Fighter Aircraft such as those shown in Figure
11 thru 14. These designs use a conventional jet nozzle
during supersonic operation and convert to the Jetwing con-
cept during takeoff, landing and subsonic and trasonic
maneuvering. Figures 11 and 12 show the arrangement using
a supercritical airfoil for a fighter of moderate speed capa-
bility. Figures 13 and 14 show a similiar arrangement for a
very high speed fighter using a circular arc airfoil.
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S~FIGHTER/ATTACK AIRCRAFT USING JETWING CONCEPT
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FIGHTER/ATTACK AIRCRAFT WITH AFTERBURNING TURBOFAN ENGINE
USING MODIFIED JETWING CONCEPT WITH ONLY FAN BY-PASS A~IR
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FIGURE 11

JETWING SUPERSONIC FIGHTER USING SUPERCRITICAL AIRFOIL
-SUPERSONIC FLIGHT CONFIGURATION~
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FIGURE 

12

JETWING SUPERSONIC 
FIGHTER 

USING SUPERCRITICAL 
AIRFOIL

-SUBSONIC 
FLIGHT CONFIGURATIONI
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I FIGURE 13

JETWING SUPERSONIC FIGHTER USING CIRCULAR ARC AIRFOIL
SUPERSONIC FLIGHT CONFIGURATION
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FIGURE 14

JETWING SUPERSONIC FIGHTER USING CIRCULAR ARC AIRFOIL-U SUBSONIC FLIGHT CONFIGURATION
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I
3. Transport or Carrier Onboard Delivery Aircraft such as is

shown in Figure 15. In such an arrangement all engines would
exhaust into a common plenum for ducting to the top surface
of the wing. This design would minimize engine out problems,
and not require the cross ducting or differential flap
arrangements of current USB multi-engine designs.

I
I

II

: I
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FIGURE 15

TRANSPORT OR CARRIER ON BOARD DELIVERY
AIRCRAFT USING JETWING CONCEPT

1
-1

I



| 24
I)

m SECTION IV

TEST PROCEDURES

The test procedures used to accomplish this effort followed
standard and accepted flight test practice to the extent practical

I considering test vehicle and program constraints. Constraints which
were a factor in designing the test methods included:

11. Test vehicle size

2. Stability levels of the test vehicle

3. Emergency egress method

4. Flutter and structural clearances

5. Program budget

The size of th. test vehicle proved to be a rather servere
constraint. As can be seen from Figures 1 and 2 and Table I the
aircraft is very small. This small size along with a limited program
budget severely constrained the type of instrumentation package which
could be installed. The level of static longitudinal stability also
prohibited installation of all but necessary instrumentation aft of
the cockpit. This resulted in the type and amount of instrumentation
dictating the use of certain test methods.

The test aircraft is not equipped with an ejection seat. As a
result, low altitude operation at airspeeds below power off stalling
speed were avoided where possible. The egress limitation along with
the absence of a flutter clearance also limited maximum speeds to
less than 200 knots. These limitations also played an important role
in design of the test methods.

- Although, designed for a +6 and -3G normal load factor, the
aircraft had not been structurally tested. As a result, all testing
requiring maneuvering was limited to a +2 or -IG normal load factor.
In spite of these limitations, all testing was completed safely and
successfully. In most instances, it was possible to work around the
limitations by changing test methods or procedures.

The procedures used to accomplish the specific test objective inJ the order in which they were performed follows:

I. TAXI TESTS: Prior to familiarization flying, a series of
taxi testswere -conducted at high and low taxi speeds to determine
ground handling and control feel. In addition, these tests were used
to check out ship's instrumentation and systems prior to flight. The
aircraft was loaded with the same loading as used for the familiari-
zation flying.

I
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1 2. FAMILIARIZATION FLIGHTS: These flights consisted of a
qualitative evaluation and familiarization with the aircraft. The
operating envelope was gradually expanded until an envelope of 50 to
180 KIAS had been explored. Items that received a preliminary eva-
luation during this phase included:

1 1. Basic Static and Dynamic Stability (longitudinal,
lateral, and directional).

1 2. Low speed handling qualities particularly in roll and
pitch.

S3. Landing and takeoff techniques, CTOL and STOL.

4. Effects of configuration changes on trim etc.

5. Effects of Power on Airspeed Calibration.

S6. Basic flight trim (wing heaviness etc.)

Aircraft loading during familiarization flying was 3608.5 lb.
1 gross weight with center of gravity at 35.3% M.A.C. The con-

figuration and instrumentation during this phase was as received from
Ball Corporation.

3. AIRSPEED CALIBRATION: The wing boom pitot-static system was
calibrated- at Uthe following indicated airspeeds:

GEAR AND FL•YS '.I-, ,, FLAPS UP

70 - 120 knots 70 - 130 knots

SIN 5 knot increments IN 5 knot increments

120 - 170 knots

• ]IN 10 knot increments

•" I GEAR DOWNL, FLAPS 150 GEAR DOWN i:LA'S V00

60 - 120 knots 50 - 100 knots

J IN 5 knot increments IN 5 knot increments
S_ This was accomplished by pacing the aircraft -with a Cessna 310

in the speed range from 90 - 170 knots, aid a DHC-3 Otter in the 50 -

100 knot range. The airspeed systems of both the Cessna 310 and
DHC-3 Otter were previously calibrated by use of the speed course
method. Particular attention was paid to a comparison of data with

• | the gear down and gear up. It was hoped that these data would show if
there were significant power effects to the airspeed calibration.

eI
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I During the airspeed calibration a position error calibration of
the altimeter was obtained along with determining the correction fac-

I tor for the outside air temperature indicator.

Calibrated instrumentation required for this tests included:

1. Airspeed Indicator

2. Altimeter

I 3. Outside Air Temperature Indicator

met The pace aircraft also required the same calibrated instru-I ~ men ts.
4. THRUST CALIMRArto0: Prior to the start of performance

testing a static *cal'ibration of the in-flight thrust measuring
instrumentation, and a measurement of the installed thrust, was per-
formed. This was accomplished, as shown in Figure 16, by attaching a
dynamometer between the aircraft and an immovable object. The con-
nection between the aircraft and the immovable object (through the
dynamometer) was along the thrust line, which required installing
blocks under the aircraft tailwheel. The aircraft was placed on a
small incline of sufficient slope to overcome the st'tic friction of
the wheels. A zero reading of the dynamometer was taken prior to
starting the engine, and at the completion of the test. After the
zero reading of the dymemometer was taken, the engine was started and
the thrust increased In even increments. At each increment of thrust
sufficient time was allowed for the engine parameters to stabilize
before data were taken. Data were taken at both increasing and
decreasing valves of thrust to determine hysteresis.

At each increment of thrust the following data were recorded:

"1. Actual Thrust (dynamometer reading)

"2. Main Rotor Speed (NI)

3. Bypass Exhaust Duct Pressure Ratio (Pts/Pa)

4. Gas Generator Speed (N2 )

5. Core Exhaust Duct Pressure Ratio (Pt5/Pa)

6. Interstage Turbine temperature (ITT)

7. Outside Air Temperature (Ta)

8. Pressure Altitude (HN)

All of the above instruments were calibrated with the duct total
pressure being referenced to ambient static through the airspeed sta-
tic source.

I
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Data were corrected to standard conditions and thrust
plotted verses various parameters in order to compare with wind tun-
nel data, and to determine the best parameter for in-flight
reference. This calibration was conducted both with and without
the upper wing surface.

5. PERFORMANCEL" FLI(iHT n-',rS:;, INCULDING CL VS a DETERMINATION:
On a powered lftf "iIrp'a'nhe" 'itf becomes very dif'icult to separate
thrust and drag, and the lift is also a function of thrust. As a
result constant W/6data from the technique normally used for jet
aircraft will not reduce to a single curve good for all altitudes.

A simpler approach which works well for powered lift aircraft is
the Airspeed vs Flight Path Angle (V-y) Map. The theory behind this
technique is covered in Appendix II. In essence, it is a plot of Flight
Path Angle, , versus Airspeed for various thrust settings from idle
to maximum available. Angle of attack information was also collected
and reduced to CL vs a and CD or CFEX vs CL by the methods shown in
the Results and Discussion section.

The raw data for this approach may be obtained by:

1. Level Acceleration

2. Sawtooth Climb

3. Power Idle Descents

The sawtooth climb and power idle descent were selected for use
on the Jetwing testing for the following reasons: First, the use of
these techniques provides a more stable value of thrust. Secondly,
they are easier to fly. This second reason is especially important
on the Jetwing because of its lack of longitudinal stability. Sawtooth
climbs or descents were performed in 10 knot increments in the
following speed range and configuration.

SPEED RANGE CONFIGURATION

1. 80 - 180 knots Gear and Flaps up

2. 70 - 120 knots Gear down, Flaps 150

3. 50 - 120 knots Gear down, Flaps 30'

Each speed range was repeated at four gross thrust settings.

I. Maximum Available

2. 1000 lbs.

3. 500 lbs.

4. Idle Thrust
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Test altitude was varied depending upon the thrust level
required. Maximum available thrust testing occurred at approximately 1000
ft. pressure altitude. Since the data reduction method reduces all
data to a sea level standard condition, test altitude is not critical
except for obtaining maximum thrust.

Two climbs or power idle descents were done crosswind in oppo-
site direcitons for each data point. An average of the two climbs
was used in determining the data point to reduce errors created by
wind. During each climb, the following data were recorded at 30
second time intervals:

1. Fuel Remaining for determination of test weight (WT)

2. Indicated Airspeed (Vi)

3. Gross Thrust indication (N1 , Fan & Core Pt5/Pa, N2 , ITT).

4. Angle of attack (a)

5. Pressure altitude (Hp)

6. Time (t)

7. Outside air temperature (Ta)

8. Aircraft configuration

6. CONTROL FRICTION: Prior to beginning stability and control
testing the control system friction and breakout forces were
measured. This was accomplished by recording control force and
control surface position simultaneously, for both increasing and
decreasing values of control surface deflection, throughout the tra-
vel of the control surface.

Plots of control force versus control surface position were made,
and the breakout forces and friction determined from these plots,

7. LATERAL CONTROL POWER: The roll acceleration and steady state
roll rate were measured in the following trim conditions.

CONDITION GEAR FLAPS POWER TRIM SPEED

Cruise Up Up PLF 150 KIAS

Low Cruise Up Up PLF 110 KIAS

Power Approach Down 300 30 APP 90 KIAS

Power Approach Down 300 30 APP 70 KIAS

Power Approach Down 300 60 APP 90 KIAS

Power Approach Down 300 60 APP 70 KIAS
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I The aircraft was loaded at a center of gravity of approximately
35% MAC and a gross weight of 3600 pounds.

1The tests were conducted in the following manner,

1. The aircraft was stabilized at the trim condition.

2. The aircraft was then rolled intu a 45° bank opposite
the intented direction of roll, and the instrumentation
turned on.

3. An aileron only roll was started in the direction opposite
the bank and the roll continued for at least 900 roll.
During this roll the aileron deflection was held constant
and the rudder held at the trim position.

4. Rolls were performed both left and right at each trim
condition.

5. Three different aileron deflections up to maximum deflection

were used in each direction.

The following data were collected for each roll:

1. Trim Conditions

2. Power Settings

3. Roll Rate

4. Aileron Deflection

5. Bank Angle

6. Pressure Altitude

7. Fuel Remaining (for weight calculation)

A' 8. LATERAL-DIRECTIONAL STABILITY: Control position and
control force static lateral-odT r IaIl stability was measured In

I', straight steady sideslips in the following trim conditiw.r,:

CONDITION GEAR FLAPS POWER TRIM SPEED

Cruise Up Up PLF 150 KIAS

- Cruise Up Up PLF 110 KIAS

I Power Approach Down 300 3* APP 90 KIAS

Power Approach Down 306 3" APP 70 KIAS

3I

I,
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Data were taken in at least three steady state sideslips in each
direction (left and right) at each trim condition.

The following data were recorded for each steady state sideslip:

1. Trim Conditions

2. Power Setting

3. Fuel Remaining (for weight calculation)

4. Pressure Altitude

5. Angle of Sideslip (B)

6. Aileron Position (6 a)

8. Rudder Position (6r)

9. Rudder Force (Fr)

10. Bank Angle (4)

Spiral Stability was evaluated at two trim conditions as
follows:

CONDITION GEAR FLAPS POWER TRIM SPEED

Cruise Up Up PLF 130 KIAS

Power Approach Down 300 30 APP 65 KIAS

These tests were performed by trimming the aircraft to the desired
trim condition, and then banking the aircraft five degrees with the
rudder while the ailerons were held neutral. Once five degrees of
bank was reached the rudder was returned to trim, and the aileron and
rudder were released.

Data recorded during the spiral stability tests included:

1. Trim Conditions

2. Power Setting

3. Pressure Altitude

4. Fuel Remaining

5. Bank Angle (4) versus Time

6. Rudder and Aileron Float Position
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I Lateral-Directional Dynamic Stability and Control were
evaluated at the same trim condition used for static lateral-
directional stability. The Dutch Roll motion was excited by a rudder
doublet input and the resulting oscillation verses time was recorded
on magnetic tape.

Data parameters collected includLd:

1. Trim Conditions

12. Power Setting

3. Pressure Altitude

4. Rudder Positions ( 6 r0, Sideslip Angle, (a) and Bank Angle (€)
versus time

9. LONDITUDINAL STABILITY: The stick fixed and stick free
neutral points were determined by conventional methods in two trim
conditions. These trim conditions were:

CONDITION GEAR FLAPS POWER TRIM SPEED EVALUATION RANGE

Climb Up Up 93°N1  VR/C .85 VR/C- 1 . 3 VR/C

Power Approach Down 300 3°APP 70 KIAS 55 - 120 KIAS

Data were collected in approximately 5 knot increments both above and
below the trim speed to the limits of the evaluation range. Three
center of gravity poitions were tested with 2.5% M.A.C. spread in
their locations.

Data collected at each trim condition included:

1. Trim Condition

1 2. Power Setting

3. Pressure Altitude

" 4. Elevator Position

5. Elevator Force

6. Stabilizer Position

j 7. Angle of Attack

8. Outside Air Temperature

I At each data point in the evaluation range the following data were
collected.

NL
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1. Indicated Airspeed

2. Elevator Position

3. Elevator Force

4. Angle of Attack

The test runs were conducted between 2000 and 8000 feet pressure
altitude with all data collected while the airspeed was stabilized.
In addition to determining neutral points, several additional longi-
tudinal flight characteristics were examined during this phase of
testing.

The long period dynamic longitudinal stability, or phugoid, was
also evaluated during this phase. The same centers of gravity and
trim conditions as fir static longitudinal stability were evaluated.
The test procedure was to displace the aircraft from trim with the
elevator, return the elevator to the trimmed position, and record the
resultant aircraft motion. The amount of displacement from the
trimmed airspeed used was dependent upon the stability level, but did
not exceed 10 knots.

The fbllowing data were recorded versus time:

1. On magnetic tape:

(a) Elevator position

(b) Pitch attitude

(c) Pitch rate

2. On movie film, or by hand at 5 second intervals:

(a) Indicated airspeed

(b) Pressure altitude

(c) Angle of Attack

10. FLIGHT PATH STABILITY: A separate test was not required for
flight pathFI-abifT"y since these data are readily available from the
V-Y performance information.

11. LONGITUDINA). rFimi "' , igitudinal trim changes were
evaluatedW-Ti-•hi'mst forward and most aft centers of gravity for the
sets of test conditions listed in Table 2.

Data recorded during these tests were maximum, and steady state,
out of trim longitudinal control forces, and pilot comments on the
difficulty of control during each trim change.
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I TABLE 2

1 LONGITUDNAL TRIM CHANGE CONDTIONS

CONDITION ALTITUDE INITIAL TRIM CONDITION CONFIGURATION PARArETER
NO. CHANGE HELD

CONSTANT
SPEED GEAR FLAPS POWER

1 LOW 120 KIAS UP UP PFL GEAR DOWN ALTITUDE

2 LOW 120 KIAS DOWN UP PFL FLAPS DOWN ALTITUDE

3 LOW 75 KIAS DOWN 300 PFL !DLE POWER AIRSPEED

S4 LOW 60 KIAS DOWN 300 PFL TAKEOFF ALTITUDE
POWER

6 LOW 90 KIAS DOWN 150 TAKEOFF GEAR UP RATE OF
CLIMB

6 LOW 110 KIAS UP 150 TAKEOFF FLAPS UP RATE OF
CLIMB

7 MEDIUM LEVEL UP UP MRP IDLE POWER ALTITUDE
HIGH FLIGHT

OEF'1N iIONS:

I LOW' 2000 - 4000 FT MSL MEDIUM: 8000 10,000 FT MSL

i GH: 12,000 - 14,000 FT MSL PLF: Power for level flight

MRP: Maximum recommended power

wa i 2. MANEUVERING STABILITY: Longitudinal Maneuvering Stability
was measured at each center ofgravity position tested using the

, ' following trim conditions:

CONDITION GEAR FLAPS POWER TRIM SPEED

Cruise Up Up PLF 130 KIAS

Power Approich Down 3U" 30APP 70 KIAS

" The test method was the steady pull up or push over method with
U the range of normal accelerations being from 0 - 2G's. Data points

were obtained in approximately 0.25G increments with the following
data being recorded:

1. At the trim condition:

I (a) Trim Condition

"(b) Power Setting

Il • - I i-1
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ii (c) Pressure Altitude

(d) Stabilizer Position

I (e) Elevator Position

, 2 (f) Angle of Attack

2. At each stabilized load factor:

J ((a) Load Factor

(b) Elevator Position

I C(c) Elevator Force

- (d) Angle of Attack

S- During the maneuvering stability phase of testing the
airplane and elevator short period responses were evaluated. These
tests were accomplished at the trim conditions used for maneuvering
stability. Test procedure was to use a doublet input to the longitu-
dinal control and then record the airplane response as a function of
time.

The following data were recorded on magnetic tape for each trim

conditon and doublet input.

1. Elevator Position

2. Load Factor

3. Angle of Attack

13. APPROACH HANDLING QUALITIES EVALUATION: Approach handling
- qualities were evaluated at approach angles of 3W and 60. The

Tullahoma Municipal Airport Visual Approach Slope Indicator (VASI)
was adjusted to obtain the desired approach angles, and the

J approaches were flown at the airport. A minimum of 10 approaches
were evaluated at each approach angle. The trim conditions for these

*1 approaches were as follows:

CONDITION GEAR FLAPS POWER TRIM SPEED

Power Approach Down 300 3* APP. 70 KIAS

Power Approach Down 30' 60 APP. 70 KIAS

Approaches were conducted in both smooth and turbulent air to deter-
mine the effects of turbulence.

The Aircrafts center of gravity location was a nominal one of
approximately 35% M.A.C.

,, I
3•
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I Data for this evaluation were collected in three ways. First,
the pilot rated each approach using the Cooper-Harper pilot rating

m m system for aircraft handling qualities. Secondly, the VASI lights
m and runway was filmed from the test aircraft to determine deviations

from the approach path and runway centerline. Thirdly, time
histories of elevator, aileron, rudder and throttle movement were
obtained during the approaches to evaluate pilot workload. All three
ifrms of data were correlated for an overall evaluation of each

approach.

14. TAKEOFF AND LANDING TESTS: Takeoff and landing tests were
conducted using a surveyed test-Ft-_ at I',e Tullahoma Municipal
Airport. Figure 17 shows a sketch of that test site. Since
takeoff and landing tests are quite complicated, a complete
rehersal was conducted prior to preforming the actual tests.

SThe method of measuring the takeoff or landing distances con-
sisted of two elements, ground roll distance and air distance.
Ground roll distance was measured by an instrument installed on the

Stest aircraft which counted revolutions of the landing gear tire. As
a backup method, the point of li ftoff or touch down, on the runway
was marked by a runway observer and the ground roll distance

1 measured. The air distance was determined by use of a simple theodo-
lite located 1000 feet from the runway centerline. By tracking the
aircraft on the theodolite it was possible to determine at what
distance down the runway the aircraft passed through the 50 foot
obstacle height. by knowing this point, the ground roll distance,
and the start (or stop) point for the takeoff (or landing) run It was
possible to calculate the air distance. A description of the theodo-
lite and other instrumentation used for these tests is included in
the instrumentation section of this report.

In addition to the pilot of the test aircraft, the following
other personnel were required for the tests:

1 1. Theodolite Operator

2. Data Recorder (Theodolite)

3. Takeoff Runway Observer

4. Liftoff or Touchdown Runway Observer

'? I5. Landing Runway Observer

-6. Tower Observer

The theodolite operator was responsible for tracking the
Saircraft and determining the distance down the runway at which theaircraft passed through 50 feet of altitude. HL was also responsiblefor measuring the time required for the total run (brake release to

S50 ft. altitude, or50 ft altitude to full so)

:o3to)

SJ
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I
I
I

• I1000

-

I

Theodolite Site and Radio (2 Observers)

( Take-Off Observer

S] ® Landtnq Observer

G Tower Observer

( UTSI Fli(rht Operations Facilities

I IGURE 17 SKEICH OF TAKE-OFF AND LANDING TEST SITE
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The data recorder, who was located at the theodolite
site, was responsible fbr recording the data obtained by the
theodolite operator and the pilot in the test aircraft.
The pilots data were communicated to him via radio. In addi-
tion, he was responsible to communicate to the pilot any
discrepancies in getting the takeoff or landing event within
the limited range of the theodolite. Data recorded by this
individual included:

1. Total distance to or from the 50 foot altitude in feet.

2. Time in seconds required for the total event listed in Item 1.

3. Ground roll distance (from pilot)

4. Liftoff or touchdown airspeed (from Pilot)

5. Climb or Approach airspeed (from Pilot)

6. Engine Power Setting for the event (from Pilot)

The takeoff runway observer was responsible for assisting the
pilot in lining the aircraft up at the start point. In addition,
he recorded the following data:

1. Wind direction and velocity at 6 ft. altitude for both
takeoff and landing runs.

2. Outside air temperature at 6 ft. altitude for both takeoff
and landing runs.

3. Time in seconds from brake release to liftoff for takeoff
runs.

The liftoff or touchdown observers duties were to observe,
mark and record the point on the runway where the aircraft lifted
off or touched down. Since the information gathered by this
observer was only backup information, he was used only when suf-
ficient manpower was available.

The landing runway observer was responsible for inspection
of the aircraft at the end of each landing run and for collecting
the following data:

1. Distance down the runway at which the aircraft came to

a complete stop.

2. Time in seconds from touchdown to complete stop.

The tower observer, located in a tower near the runway,
collected the following data on atmospheric conditions at an
altitude of 50 feet:

1. Wind direction and velocity at 50 feet.

2. Outside air temperature at 50 feet.
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These data were collected during each test run.

I In addition, to collecting and transmitting (to the data
recorder) the data previously given, the pilot was also respon-
sible for transmitting to the data recorder the time of brake
release on takeoff, and when the aircraft came to a complete stop
on landing. This was done so that the total time for the events
might be obtained.

Aircraft configurations, speeds, and power settings used for
the tests were as follows:

l TAKEOFF

I 1. Gear Down, Flaps 15°

2. Power Setting - 95% N1

S3. Liftoff Speed - 60 - 65 KIAS

4. Climb Speed - 70 KIAS (target)

I LANDING

1 . Gear Down, Flaps 300

2. Power Setting - 74% NI

3. Approach Speed -70 KIAS (target)

4. Touchdown Speed - 65 - 55 KIAS

S5. Thrust Reverser - Deployed after touchdown

6. Braking - Maximum after touchdown

The takeoff weight and center of gravity for these tests was
3608 lb. at 35.5t M.A.C. The aircraft was refueled after a maxi-jI mum of three test runs in order to keep weight and center of gra-
vity excursions small.

Since takeoff and landing tests are prone to have large data
scatter due to pilot technique, sufficient number of runs were
made in order to have a reasonable statistical sample. Thrust
reversing was used on each run since the thrust reverser is an
integral part of the Jetwirg concept.

15, LASER VCLOCIMETER THRUST MEASUREMENt: In addition to
3 the thrust urT--rev y data were taken with

A laser velocimeter to measure the velocities of the engine inlet
and exhaust air during static ground runs. In addition to the
i-llet and exhaust velocities other data recorded during these
te;t runs included:

1. Ambient air temperature

2. Wind direction and velocity

i m3. Engine main rotor speed (Nj)

"a. ... I m I P ~ * 1pa • r• m i
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m 4. Engine gas generator rotor speed (N2 )

5. Fuel Flow

6. Cold Duct differential pressure (Pt5 -Pa)

1 7. Hot duct differential pressure (Pt5 Pa)

8. Interstage turbine temperature (ITT)

1 9. Pressure altitude

The first series of tests were conducted with the upper wing
removed. Test runs were made at 40, 55, and 70% NI. These runs
were later repeated with the upper wing installed to determine if
there was any thrust augumentation due to the ejector. In addi-I tion to the inlet and exhaust nozzles, velocity profiles were
made at several other locations during the runs to determine how
the ambient air and ejector air were mixing with the exhaustj flows from the nozzles.

A majority of the measurements were made on the right wing.
However, a limited number of measurements were made on the left
wing to verify that the flows from the right and left nozzles
were symmetrical. These runs were only conducted at 55% N1 .

During each test run velocity measurements were made at the
following locations:

1 . Engine Inlet - One vertical and one horizontal profile
'* through the center of the inlet plane at each test

power setting as shown in Figure 18.

2. Exhaust Duct Exit Nozzles - One spanwise profile through
the centerline of the nozzle, was taken along both hot
and cold nozzles of the right wing as shown in Figure 19.

I JThis measurement was repeated on the left wing at 55%N1.
l'J

¶ 3. Exhaust Duct Exit Nozzles - Vertical profiles of velocity
. were taken at the three nozzle locations on the right wing

as is shown in Figure 20.

4. On Upper Surface of Right Wing - Vertical profiles of
velocity were taken at three chordwise locations on
the wing. This was done at one spanwise location for
both hot and cold ducts as shown in Figure 21. These
measurements were repeated with the upper wing installed.

Velocity readings were taken at one inch intervals for item
1, at two inch intervals for item 2, and at 1/8 to 1/4 inch
intervals for items 3 and 4. While velocity readings were being
taken, other test data were collected at five minute intervals.

I When possible, tests were conducted in no wind conditions, and
were stopped when the wind speeds exceeded 10 mph. In addition,
testing in direct headwinds or tailwinds was avoided.

I" 1
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Velocity Measurements made

along these linesI

I

--- ..-. .- - --

DI

* SIDE VIEW FRONT VIEW

.J FIGURE 18

SKETCH OF ENGINE INLET SHOWINGI LOCATION OF VELOCITY MEASUREMENTS

I
I I ~ ~Veloci ties measured--

"• ~at nozzle centerline

I FIL 'E 19

i SKETCH OF WING PROFILE AND EXHAUST
NOZZLE SHOWING LOCATION Or VELOCITY
MEASUREMENT.. ..... . . ..I.. . . .;
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I WING
TOP VIEW

*SPANWISE LOCATIONS FOR VERTICAL PROFILES

FIGURE 20I
SKETCH OF RIGHT WING SHOWING LOCATION OF POINTS
POINTS ON THE NOZZLE WHERE VERTICAL PROFILES OFj VELOCITY WERE TAKEN

*1.*

26712.1
I* 26.75 26.5. 12**

3*T 3* **- 6 5 WING TOP VIEW

25-55 25.51,

\ UPPER WING LOCATION
'HOTDUCTLOCA1ONWHEN INSTALLED"COTD DUCT LOCATION5 **COLD DCTGLOCATIO

I SKETCH OF RIGHT WING SHOWING CHORDWISE AND
SPANWISE LOCATION OF VERTICAL VELOCITY
PROFILES
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I
SECTION V

INSTRUMENTATION

I As was discussed previously under test procedures, the
type and design of instrumentation installed in the test aircraft
was constrained by its size, weight and location in the aircraft.
The type and design of all test instrumentation was constrained
by the program budget. These constraints led to simple and
reliable instrumentation approaches. Although some loss of

j accurancy is incurred by taking simple instrumentaton approaches,
the payoff was that data were lost on only bur flights, due to
instrumentation failure, in a 90 flight test program.

The types of instrumentation required fbr this program may
be placed in groups which relate to the type of data being
collected. These groups of instrumentation are:

1. Air Data Instrumentation

2. Engine Thrust Instrumentation

3. Stability and Control Instrumentation

4. Takeoff and Landing Instrumentation

5. Laser Velocimeter Instrumentation

1 1. AIR DATA INSTRUMENTATION. The instrimentation
installed-oIFe-test aircraft which collected air data included:

S1. Sensitive Airspeed Indicator calibrated in knots.

2. Sensitive Altimeter calibrated in feet.

3. Ambient Air Temperature Gauge calibrated in degrees
Centigrade.

The airspeed indicator and altimeter were panel mounted
as shown in Figure 22 and connected to a wingtip mounted, swivel
pitot static boom shown in Figure 23. These instruments were
calibrated through the airspeed and altitude ranges of interest
using water and mercury manometers with traceability to the
National Bureau of Standards (NBS).

I The ambient air temperature qauge was calibrated from 0-400 C
in a water bath using a laboratory thermometer which was also

j traceable to NBS.

Similar calibrated instrumentation was installed on the

Cessna 310 and DHC-3 Otter which were used as pace aircraft
during the Airspeed Calibration portion of the flight test
program.

!
,p :' ,- - • • . . •... .. .. . ... . . .. ... .. ... . . . . ...-.. . . .--- . .. . . . .-.,-- -. •- • -,, . . , - '. ,



1 44

I IK
1)IT R fIl l Ii" RI1M VU b A N

AIR UATA, fklif it Gi(IA iU yAPJT NI AT ION

FIU E2 UL SWV L II I1



45I ,s I
z. ENGINE THRUST INSTRUMENTATION. Instrumentation

installedT-tr s' test aTrcr-a-ft- • Fg-l--ve an Indication of engine
thrust included:

1. Main Rotor Speed Tachometer (NI) calibrated in percent RPM.

2. Gas Generator Speed Tachometer (N2 ) calibrated in percent
RPM.

3. Interstage Turbine Temperature gauge (ITT) calibrated
In *(:.

4. Pressure Gauge calibrated in inches HIO which measured
the differential pressure between the total pressure in
the hot or cold duct and the outside ambient static
pressure. This was a single gauge which operated
through a pressure switch in order to read hot or
cold duct differential pressure.

5. SDl HoskIns Fuel Flow and Fuel Quantity Instrumentation
which consists mf two panel mounted instruments which
contain an integral computer. ruel flow calibration is
In either gallons )r pounds per hour.

Ali of tht engine instrumentation and air data Inmtrumen-
tation was panel mounted for visual readout by the pilot as is
shown In Figure 22.

All of the engine instrumentation listpd above except for
thi fjcl flow ino.trumentation wo_ calibrated using standards tra-
ceable to NWI$. The fuel flow ingtrumgntation was calibrated at
the manufacturer and guaranteed to maintain two percent accuracy
in normal use. Periodic spot checks during the test program con-
firmed this level of accuracy,

In ad•ition to the ongine, related thrust Instrunwntation one
other piece of instrumentation was rvquirld during the thrust
calihration. This instrument, A Dillon Dynamometer is shown in
Figure ?4 as it was installed in the thrust measuring apparatus.
This Instrument reAdout in pounds of force and his receivqd a tra-
coahle calibration by its manufdcturer,

3. STAIIATY AND CONTROL INSTRUM[NIATION. The instrumen-
tetion requ'ire-d in "hv "t-st _ir'crft"*o-ý"itehif ity and control
testing consisted of:

1. (,ontrul force Instrumentation

2. Control Su-face Position Instrumentation

3. Angle of Attack Instrumentetior,

4. Angle of Sideslip Instrumentation

b. AcOelrNY-)meter for Normal Acceleration

6. Vertical (yro for Pitch and flank Angle

7. Rate Gyro's for 1'it1h, Roll, and Yaw Rates
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FIGURE 24

PICTURE OF DILLON DYNAMOMETER AS INSTALLED
IN THRUST MEASURING APPARATUS
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Aileron and elevator control force% were obtained by use ofI a hand held force gauge (AMES GAUGE). Rudder forces were
obtained from load cells mounted on the rudder pedals. These
load cells were connected electrically, through a rotary switch,
to a milliampmeter which could be read by the pilot (See Figure
25). Control force Instruments were calibrated by measuring the
force created by standard weights of various sizes.

Control surface position information was obtained by
attaching linear potentiometers to the control surface or control
pushrods as shown in Figure 26a, b , c and d. These poten-
tiometers were also connected to the miliampmeter of Figure 25.
Calibration of these instruments was accomplished by measuring
control surface deflection angles and obtaining corresponding
mlllampmeter readings.

Angle of attack and angle of sideslip information was
obt.ined from the sensors shown in Figure 27. The angle of
attack and sideslip vanes drive rotary potentiometers which are
also connected electrically through the 12 position rotary switch
to the miliampmeter of Figure 25. Calibration was accomplished
in a manner similar to the control surface position instrumen-
tation. Zero reference was the aircraft waterline for angle of
attack and the aircraft centerline for angle of sideslip.

An accelerometer with a range of O-5G was installed so as to
be located at a nominal aircraft center of gravity. The output
of this accelerometer could also be read out on the miliampmeter.
In addition, the pilot also had available a panel mounted acce-
lerometer which could be used as a reference.

A vertical gyro imunted, near the center of gravity, above
the exhaust ducting, as shown in Figure 28, was used to determine
pitch and bank angles. Prior to installation this device was
calibrated with the instrumentation package on a calibration
bench. This device was also wired to provide a visual readout
through the miliampmeter.

Rate gyros for the determination of pitch, roll, and yaw rates
were mounted at the aircrafts nominal center of gravity position
in the manner shown in Figure 29. These gyros were also bench
calibrated with the instrumentation package. Readout of the out-
put of these instruments was also through the miliampmeter.

All instrument readings which could be displayed on the
miliampneter could also be recorded, three at a time versus a
time base, on a cassette magnetic tape recorder. These data
could then be played back on an oscillograph or strip recorder•.jafter the flight. The cassette recorder was located just aft ofthe pilots seat.

Before being displayed on the miliampmeter or recorded on
the cassette recorder all data signals were amplified and con-
ditioned in an instrumentation amplifier and signal conditioner
located near the vertical gyro as is shown in Figure 30. Power

J Jfor the electrical instrumentation was controlled through an
instrumentation master switch located next to the rotary selector
swi tch.
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FIGURE 30

I] INSTRUMENTATION AMPLIFIER AND SIGNAL CONDITIONER (ARROW)
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4. TAKEOFF AND LANDING INSTRUMENTATION. Takeoff and
landing instrumeniti-on ssted of thr-e-e 7pes:

i 1. Onboard Aircraft Instrumentation

2. Distance and Height Measuring Instrumentation

13. Instrumentation for atmospheric measurements

The onboard aircraft instrumentation included the air data
and engine thrust instrumentation menti fned previously plus the
Liftoff and Landing Distance Indicator M shown in Figure 31.
This instrument measures ground roll distance by counting revolu-
tions of one of the main landing gear tires by means of a magne-
tic pickup mounted near the brake drum. This pickup senses the
magnetic disturbance of small holes drilled in the brake drum.
By having the size of the weel in its program, the Liftoff and
Landing Distance IndicatorIM may then calculate the ground roll
distance. Special circuitry is provided in the indicator to
detect when the wheel rotation stops accelerating at liftoff.When the wheel stops accelerating the counter stops counting.

Distance and height measuring instrumentation consisted of
the simple theodolite shown being operated in Figure 32. This
device was located at a surveyed site 1000 feet from the runway
centerline. By sighting through the eyepiece and aligning the
bottom of the two height strings on the runway by adjusting the

I board, the top string then indicates a 50 foot height above the
runway. by tracking the aircraft with a pointer (which could be
muoved horizontally with a hand crank) and stopping the pointer at
the point where the aircraft passed through 50 feet, it was
possible to determine the horizontal distance the aircraft
required to clear a 50 foot height. This was accomplished by
reading the distance value to whic0, the pointer pointed on a
scale iocated on the theodolite. The distance scale has pre-
viously been obtained by observing the measurement of actual
distance on the runway through the instrument and marking those

S1 distances on the scale. Figure 33 shows the height strings and
I' horizontal distance pointer.

Atmospheric measurements were made with the instruments
shown in Figure 34. These -onsisted of a laboratory thermometer,
a hand held wind direction indicator, and a hand held wind speed
indicator as shown from left to right in the figure.

5. LASER VELOCIMETER INSTRUMENTATION. For the Laser
Velocimete-r trust measurement tf'e fOllowing instrimentation wasj used:

1. Air Date instrumentation

2. Engine Thrust Instrumentation

3. UTSI 2D Laser Velocimeter and Afocal Scan Sy.tem

S1 The Air Data Instrumentation and Engine Thrust
Instrumentation have been previously described.

Sii1
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FIGURE 32

TAKEOFF AND LANDING DISTANCE .ý,' E I IHT
MEASURING THEODOLITE WITH OPLRAiOR

I'

I

i FIGURE 33

HEIGHt SIRINGS (SHORT ARROW) AND IPOR Th,:'I. PST!m'NCE POINTER
(LONG ARROW) OF TAKEOFF AND LANDITWG ifi. ODOLITE
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1 •FIGURE 34

LABORATORY THERMOMETER, HAND HELD WIND DIRECTION INDICATOR,

1 AND HAND HELD WIND SPEED INDICATOR USED FOR TAKEOFF AND
LANDING TESTS
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The UTS! 20 Laser Velocimeter and Afocal Scan System Is an
In neuse developed Laser Doppler Velocimeter. It Is capable of
measuring particle velocities and turbulent correlations up to 2
km/sec. A schematic diagram of the system is shown In Figure 35.
Flow velocities are measured by the device by its measuring the
Doppler phase shift In the frequency of light fringes reflected
from microscopic particles in the flow which pass through the
point where the two beams of laser light cross. The system is
capatle of measuring two components of velocity. However, for
the tests described In thi, report only one component of velocity
was measured. For these tests the system shown in Figure 35 was
mounted upon a milling machine bed so that accurate pointing of
the laser could be accomplished. This arrangement is shown in
Figure 36.

I

1I
'I
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'!! I

~..A i~ - _i________iI



1 60

4.5" Travel in AFOCAL Bragg Cell Optics
Scanner Yields Approximately 2 Orthogonal Velocity Components
73" Of Scan Distance

\F - L1 7 For Thir Component
I L8

I I • ' :

'Secondary Mirror

HeeDetector

Scan In Cassegrain IReceiver With 6" 
9 Max. TransmisslI I Dia. Primary Mirror Ditac

N r

L__ 1  Point Where
Fl ow iIiNot~e: System Will Require Velocity'"

*uProcessor Controlled Is Read ______

_U

AsncrnosmcnnnUTSI AFOCAL SCAN SYSTEM

3 FIGURE 35
SCHEMAIIC DIAGRAM OF UTS! AFOCAL SCAN LASER VELOCIMETER SYSTEMi * Photo Multiplier Tube
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I

RESULTS AND DISCUSSION

1. FAMILIARIZAION FLYING. A total of six familiarizatiOn
flights were flown for a total of 2 hours and 55 minutes flying
time. Flight durations were kept to 30 minutes or less in order
to be back in the traffic pattern with at least one half of the
fuel remaining. These flights confirmed reports from the
Ball-Bartoe Company flight tests that the airplane was unstable
longitudinally in all configurations. The best configuration
with regard to longitudinal stability was power approach with
300 flap extension and gear down.

Landings were attempted using flap settings of 15" to 3()*,
and approach speeds from 65 to 90 knots indicated airspeed
(KIAS). Power settings for these varied between 7b'L N1 and WI'L
Na with the higher settings corresponding to the lower
airspeeds. The airplanr, was found to be quite difficult to land.
The longitudinal instability, roupled with a "tail wherl" 1ending
gear, and the forward center of pressure shift of a powered lift
wing in ground effect combine to make some unconvtntioflal lending
charactcris.tics. For instance, if tho power settinu Is only a
few percent above Idle, the main gear will nut remain on tho run-
way during landing. liowever, the longitudinal Instability, anW
the wing forward center of pressure shift in ground effect, make
it quite easy to get tn get the tail down. As a result, it is
possible to have the airplane going down the runway with the
tailwheel on the ground And the main gear two to six feet in the
air. If wheel land;ngs Are attempted, the stiffness 0f the main
landing gear oleo make the airplane easy to bounce. ihiS ten-
dency coupled with the other landing problems make_ the airplaen•
difficult to land. These problems with lending appear to be morP
of a problem with the configuration And design of the Jetwing
research Airplane than with the Jetwlng powarcd lift cohicept_ it
is the opinion of the test pilot that most of these problemS
would disappear if the aircraft has a tricycle landing gear with
large oleo deflection, and more positive longitudinal stability

Other flight characteristics, including power effects, were
. i found to be easy to adapt too in spite of the test p1ilots 4l0k of

,, experience with powered lift aircraft,
" ~I

U, Ground handling was found to he very guod with no tendency
to ground loop.

The familiarizaiton flying Lonfirmed th dleciiun to uSO the
sawtooth climb method for performanut testin9 rather then the
level acceleration method. Ino level occwlerot$,, 0*thtod prov;d
to be much more difficult Vi fly than tawtooth cli* method pri-
mi•rily because of the. aircraft% lofglitudinol i•nstahillty.

Ii
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2. AIRSPEED CALIBRATION. The airspeed calibration required
10 flights i r a total of 6 hours and 40 minutes of flying time.
The calibration was accomplished using the pace method as
discussed in Section IV. Normally, the pace method would not
require so much flying time. However, in this test three flights
required reflying due to leaks developing in the pitot-static
system. In one instance the plastic static line touched the hot
wing skin behind the engine exhaust and burned through. All
pitot-static lines in this area were changed from plastic to
stainless steel and the problem did not reappear. A second
reason fbr the amount of flying time was the time consumed in
obtaining stabilized formation on the pace airplane. This
problem in stabilizing on the pace airplane was caused by the
longitudinal instability of the test aircraft. A third problem
which increased test time was the short endurance of the test
aircraft. With a relatively short endurance the useable time at
the test altitude is small and a great deal of time is spent
climbing and descending.

The results of the airspeed calibration, plotted as total
position correction (AVnc) versus instrument corrected indicated
airspeed (VI), is shown in Figure 37 for three configurations.
The scatter of data generally falls within 2% of the faired
curves. Those points near 100 KIAS which exceed this value may
be explained by an anomally in the airspeed instrument of the
Cessna 310 pace aircraft. The calibration of the Cessna 310's
airspeed instrument shows a large friction bump at this airspeed.

Prior to the start of testing it was felt that there would
be large power effects in the airspeed calibration of the Jetwing
due to the wing pressure field change with change in power. As a
result , the airspeed calibration test was designed to determine
if these effects existed by repeating several calibration points
with the landing gear in a different position from the one pri-
marily tested. It was felt that this large change in aircraft
drag would provide a power change large enough to show power
effects in the calibration if such existed. In spite of the use
of this procedure, power effects were not discernable in the
data. Some scatter did exist between the points taken at dif-
ferent power settings, but this scatter was random. It did not
show patterns which could be attributed to power effects.

3. THRUST CALIBRATION. Figure 38 shows the results of the
static thrust calibration conducted with the upper wing removed.
Plotted along with that data are results from similar calibration
tests conducted in the NASA Ames Research Centers 40' x 80'
wind tunnel. The NASA Ames calibration was also conducted with
the upper wing removed. As may be seen from this comparison, the
simple thrust calibration method used during the flight tests
provides good agreement with the wind tunnel calibration data.
This good correlation of data increases the confidence in data
obtained by the method when the upper wing was installed.
rStltic thrst data with the tipper wing installed is shown iM
F iqre 30. The2se data were used ,as a basis for thrust deter-
minration durInj the flight tests.
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I The effects of airspeed upon gross thrust were accounted
for by adding thrust increments to the data shown in Figure 39.
The thrust increments due to airspeed were obtained using Pratt
and Whitneys engine performance computer program for the
JT15D-1. The program had been modified by Pratt and Whitney to
account for the Jetwings installed losses. The resultant family
of curves obtained by using this approach is shown in Figure 40.
As a verification for this approach inflight comparisons were
made between thrust determined in this manner, and thrust deter-
mined using pressure ratios measured in the hot and cold exhaust
ducts. The results of this comparison are shown in Figure 41.
As may be seen from this figure reasonably good agreement exists

1 between the two methods.

Exhaust Pressure Ratio was not used as a primary thrust
reference because of considerable scatter in the pressure ratio
data.

A further check on the thrust calibration was conducted
late in the program using a laser velocimeter to measure exhaust
velocities. Results of this check are discussed later in this
report.

4. INFLIGHT PERFORMANCE. As discussed in the section on
test procedures, inflight performance was determined in three
configurations:

1. Gear and Flaps Up

2. Gear Down and 15' Flap Extension

3. Gear Down and 300 Flap Extension

Results of performance tests in these configurations are
shown as V-y Maps in Figures 42, 43, and 44, and as Excess
Thrust (CFEX), or drag, versus lift coefficient (CL) in Figures
45, 46, and 47. As may be seen in Figures 42, 43, and 44, the
extreme low speed end of the performance envelope was not
investigated. There were two reasons for not investigating the

Sperformance at these very low speeds. One reason was that a
horizontal tail stall was encountered at a calibrated airspeed
of 53 knots when the flaps were extended to 300 extension. The

1 second reason was that for smaller flap deflections the longitu-
dinal instability became quite pronounced, especially when a
combination of low airspeed and high power existed. It is
believed that both of these problems could be significantly
reduced if the horizontal tail was redesigned. They are not
considered insurmountable problems in applying the Jetwing con-
cept to other flight vehicles. Further discussion of these
problems occurs in the longitudinal stability section of this
report.

I
I
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I
Figures 45, 46, and 47 demonstrate graphically why drag

coefficient is no longer a meaningful variable when applied to
powered lift airplanes. The right hand curve (Cj = 0) in each
of these figures would be the same as a conventional drag polar.
However, when thrust is applied to airplane (Cl > 0) the polar
shifts to the left. If enough thrust (blowing) is applied theI
curves become negative. It is interesting to note that this
shift to the left only occurs for lift coefficients in excess of
zero (CL > 0). The reason fur these unusual characteristics is
easily seen when one examines the drag equation for a powered
lift airplane.

2

CD CDo + r(1)

This equation developed by Maskell and Spence in Reference 2 for
jet flapped airfoils shows that the induced drag term of the drag
equation contains the thrust related term Cj. Cj the blowing
coefficient may be defined fur the Jetwing airplane as:

F
cj = q- (2)

Since this intermingling of thrust with drag invalidates the
conventinal meaning of drag, eqLidtion 1 is generally expressed
as the excess thurst coefficieitt CFEX.

KC 2
CFEX = rCj - CDo - TA+ 2rj (3)

It may be seen from equation 3 that for the special case of
zero thrust (Cj = 0), the equation reduces to:

CFEX -CD (4)

Therefore, when c~omparing performance of powered lift airplanes
one must always be sure to compare at equal values of Cj.

* Sufficient performance data were obtained to make com-
1 parlsons with the NASA-Ames Research Center 40' x 80' wind tunnel
• data at blowing coefficients of C,= 0.43 for the gear and flaps

un configuration, and at Cj = O. for the other two con-
figurations. These comparisons are shown in Figures 48, 49, and
50. These figures show good correlation between the flight test
and wind tunnel data. The correlation should be even better if
an accounting is made of the trim drag difference between theJ flight and wind tunnel tests. The reason fur the trim drA3
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I
difference is that the flight tests were conducted at a center
of gravity position which was 2.5% M.A.C. further aft than the
center of gravity position during the wind tunnel tests. Data
comparisons at blowing coefficients in excess of C - 0.75 were
not possible due to the stability and control considerations
I iscussed earlier.

In summAry the flight test performance results can be said
Sto confirm tP'% results obtained in the 40' x 80' wind tunnel.

5. 'C CAPABILITI\s. tor powered lift aircraft the lift
coefficient T7i-s-a function of blowing coefficient (Cj) as
well as the angle of attack (c).

CL = f(6, Cj) (5)

As a result of this relation it is very difficult to obtain
classic CL vs. Oi curves at constant Cj from direct flight test
methods. To obtain such data by direct methods would require
that a unique combination of aircraft weight, power setting, and
airspeed be established for each data point. To avoid such a
difficult task the following approach was used. Angle of attack
data were collected along with the other data required to measure
performance during the sawtooth climbs and descents. From these
data plots of CL vs. CQ were made with a 'cross plotted over them.
These plots are shown in Figures 51, 52, and 53. From these
plots cross plots of CL vs ci'at a constant C) may be obtained.
Such pltos are shown in Figures 54, 55, a.id S6 where they are
compared with the 40' x 80' wind tunnel data taken at similar
blowing coefficients. The lift curve slope (dCL/do) compares
well between the tunnel and flight test at the 30S flap
setting, but not as well at other settings. This difference

* in (dCW/da) and CL vs c may be accounted for by the fact that
"the flight test angle of attack data includes upwash while
the corresponding wind tunnel data does not. In addition,
both the method of obtaining the data, and the method of
"reducing it have some innaccuracy. It may be possible to removeI 'such differences from the flight test data if flight path
angle and pitch attitude angle are measured at the same time
as angle of attack. This measurement was not accomplished
during these tests because a sufficiently accurate attitude
gyro was not installed at the time of the tests. It is hopedthat the differences shown can be resolved during follow on

testing.

In spite of these problems the correlation of dCL/dabet-
ween wind tunnel and flight tests is sufficient to confirm the
validity of the wind tunnel tests.! ,I

I . . I I I I "' I "Ii ••
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An intentional investigation of CLMAX capability was not
l attempted due to a lack of an emergency egress system. However,

an inadvertent CLMAX point was obtained during ManeuveringStability testing. This single point compared well with wind

tunnel test data for similar configuration and blowing coef-
ficient. This data point and the aircraft reaction will be
discussed further in the Maneuvering Stability section of this
report.

6. CONTROL SYSrAWi F:U:Ii'Ii l.,IKtlr. The results of
statT1cgo-6und--measurements of co'ntrol system friction are shown

* Iin Figures 57, 58, and 59. These figures show that very low
, system friction levels exist for the elevator and aileron

control systems, but that the rudder control system has very
high friction levels. In addition, the rudder contrnl systemJ has high breakout forces. The high friction and large forces
shown for the rudder control system can primarily be attributed
to the tailwheel anti-shimmy mechanism and the tailwheel
steering springs. The anti-shimmy mechanism creates con-
siderable friction while the tailwheel steering springs contri-
bute to the control forces at the rudder. All testing conducted
which involved the rudder was done with the tailwheel locked in
the center position. The friction measurements shown in Figure
59 were also conducted with the tailwheel locked in center posi-
tion.

7. LATERAL CONfROL -',Q. I.ateral control power was evaluated by
* meaiu'rinb "s'teady state roll rate (p ) and roll mode time
constant in the following configurations and airspeeds.

CONFIGURATION AIRSPEED

1. Gear and Flaps up 150 KIAS

1, J 2. Gear and Flaps up 120 KIAS
. G

1TA 3. Gear down, Flaps 300 90 KIAS
Si4. Gear down, Flaps 300 70 KIAS

SIn addition, configurations 3 and 4 were conducted in 3" and V
P descents. Three degrees and 60 descents were used to evaluate

the effects of blowing (Cj) upon lateral control power, since
different power settings are required to maintain the different
glide paths.

In performing the test, the aircraft was rolled through 90gI of the bank by rolling from one 459 bank to the opposite 450 of
the bank using aileron only and keeping the rudder centered.
Data were recorded on magnetic tape.

I Table 3 presents a summary of the data for all of the con-
figurations and airspeeds tested.
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TABLE 
3

I ROLLING PERFORMANCE SUMMARY

SCONFIGURATION Vc VT Cji Pss max Pb
.VT MAX- R

GEAR & FLAPS UP 111 KT 118.5 KT 0.15 36.5°/sec 0.035 0.44se(

GEAR a FLAPS UP 15.5 KT 7 0 KT 0.12 74Ufsec .4

GEAR DOWN 3

FLAPS 30; 3 APPROACH 71.5 KT 73.7 KT 0.15 30 0 /sec 0.046 0.48see
GEAR DOWN

FLAPS 300 3* APPROACH 92 KT 100 KT 0.35 48°/sec 0.053 0.48sec

GEAR DOWN

FLAPS 300 60 APPROACH 71.5 KT 75 KT 0.38 32.5°/sec 0.049 0.48se(

GEAR DOWN
- FLAPS 300 60 APPROACH 92 KT 100 KT 0.23 440 /sec 0.049 0.48se(

tL

In examining this table it may be seen that the aircraft
responds readily to lateral control input, since the roll mode
time constant (_TR) is less than one half second for all the con-
figurations tested. The roll mode time constant is the time
required for the aircraft to reach 63.2% of its steady state
roll rate and is an indication of roll acceleration. The values

- for this parameter are well within the 1.0 seconds all,'wed by
MIL-F-8785B (ASG), Reference 3.

With the rudder free the steady state roll rate will only
meet MIL-F-87858 Level I requirements in Classes 1, 11, and II
and drops to Level 2 for Class IV. However, if rudder were used
to reduce sideslip the aircr,ft would meet Level 1 requirements

1 in all Classes since the rudder has a powerful effect on roll.
If rudder is not used, the aircraft will accelerate to an inl-

* tially higher roll rate than the steady state rate. If rudder
is used, this higher rate will be sustained.

The rolling performance of the Jetwing speaks well fbr this
powered lift approach since no separate bleed air system is

1 required for the ailerons in order to achieve the roll rates
shown. However, the data does not show an increase in roll rate
with an increase in blowing coefficient, even though the
ailerons remain effective to much lower airspeeds than would

3 normally be expected.

8. LATERAL-DIREClIONAL STABILITY. Static lateral-directional
stability was evauteTdi at two airspeeds in both the curise and
power approach configurations using the steady sideslip tech-
nique.I

I.. . • • I
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Figures 60 through 63 show the results of these eva-

luations. As may be seen from these figures, the aircraft has
strong positive static lateral-directional stability in all con-
figurations. This was surprising in the case of lateral stabi-
lity since the aircraft has small dihedral.

The Dutch Roll dynamic lateral-directional stability mode
was evaluated in the same configurations and airspeeds as the
static lateral-directional stability. The Dutch Roll motion was
excited by rudder doublets. Data were collected on magnetic
tape and evaluated by the methods of Reference 4. The results
of these evaluations are shown in Table 4.

TABLE 4

SUMMARY OF DUTCH ROLL PARAMETERS

I CONFIGURATION GEAR AND FLAPS UP GEAR DOWN. FLAPS 30*

AIRSPEED 111 KCAS 152.5 KCAS 71.5 KCAS 92 KCAS

DAMPING
FACTOR 40 0.21 0.2 0.16 0.16

FREQUENCY 1.69 Rad/sec 1.83 Rad/sec 1.87 Rad/sec 2.18 Rad/sec

1_1/2 .. 0.52 0.55 0.69 0.69
NATURAL1.1 0.97 0.87 0.73

D 0.355 0.366 0.299 0.348

All of these parameters meet or exceed the minimum Dutch Roll
Frequency and Damping requirements of Level 1 for aircraft
Classes I through IV as specified in MIL-F-8785B.

SThe spiral stability was evaluated in cruise at 130 knots

indicated airspeed and in power approach at 65 knots indicated
airspeed. The results of these tests are shown in Figure 64.
The power approach spiral mode is mildly divergent requiring
about 35 seconds to achieve a 20* of bank. The spiral would
only meet level 3 requirements of MIL-F-8785B in cruise. Power

.4 approach is slightly better, and will meet the Level 2 require-
ments. The rather poor characteristics in the spiral mode could
be expected, since the aircraft has rather strong directional
stability wile having small dihedral.

I 9. LONGITUDINAL STABILITY AND CONTROL. Since the longitudinal
static, dynamic and manueuvering stabilities all play an Impor-
tant part In the pilot's perception of an airplanes longitudinal
handling qualities, they will all be discussed In this section.

.!
3
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Static and long period (Phugoid) dynamic longitudinal sta-
bility were measured in the climb and power approach con-
figurations at three center of gravity positions. Longitudinal
maneuvering stability and the longitudinal short period oscilla-
tion were measured in the low cruise and power approach con-
figurations at the same three center of gravity positions.
Longitudinal control and trim were evaluated at the most forward
and most aft of th,%se three positions. The three positions
were:

1. 31.93% M.A.C. - Most Forward

2. 33.63% M.A.C. - Intermediate

3. 35.37% M.A.C. - Most Aft

This is not a very large center of gravity envelope.
However, the ability to ballast the aircraft to more forward
locations was limited by structural considerations, and for aft
locations by flying safety. The most aft center of gravity
shown represents the aircraft with full fuel, pilot, and test

* equipment.

a. STATIC LONGITUDINAL STABILITY, STICK FIXED AND STICK
FREE. In the climb configuration the aircraft was unstable
stick free at all of the centers of gravity tested as is shown
by the slopes of stick force (Fs) versus calibrated airspeed
(Vc) plots in Figures 65, 66, and 67. The aircraft was also
unstable stick fixed in climb at all centers of gravity tested
except for the most forward where it exhibited neutral stick
fixed stability. These stability levels are shown by the plots
of elevator position (6e) versus calibrated airspeed (Vc) in
figures 65, 66, and 67.

The Power Approach configuration was slightly more well
behaved than was climb. Power approach exhibits positive stick
free and stick fixed stability at the most forward center of
gravity as is shown in Figure 68. The stick fixed Power
Approach stability was near neutral at other centers of gravity
as may be seen from the 6e versus Vc plots of figures 69 and 70.

The stick fixed and stick free longitudinal stability
neutral points were determined using figures 65 through 70 and
the extrapolation methods of Reference 4. The locations of
these neutral points are summarized in Table 5.

TABLE 5

SUMMARY OF STATIC LONGITUDINAL
STABILITY NEUTRAL POINTS

F I STICK FREE STICK FIXEDSCONFIGURATION NEUTRAL PITN'NEUTRAL POINTNo

CLIMB 30% M.A.C. 32% M.A.C.

POWER APPROACH_ 32.5% M.A.C. 34.75% M.A.C.

-Eli
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FIGURE 68

JETWING JW-1, N278B
Fs and 6e vs Vc

POWER APPROACH, GEAR DOWN
FLAPS 300, POWER FOR 30 DESCENT

T.O. WEIGHT 3757 LB
C.G. AT 31.93% M.A.C.
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FIGURE 69

JETWING JW-o, N27BB

Fsand 6 e vs Vc
POWEB APPROACH, GE8R DOWN

FLAPS 30", POWER FOR 3 DESCENT
T.O. WEIGHT 3707 LB
C.G. AT 33.63% M.A.C.
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FIGURE 70

JETWING JW-1, N27BB
F and 6e VS Vc

POWER APPROALH, GEAR DOWN

FLAPS 300, POWER FOR 30 DESCENT
T.O. WEIGHT 3657 LB
C.G. AT 35.37% M.A.C.I6s = .20 L.E.D.
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I There are two primary reasons for the static longtudinal
instability of the Jetwing research aircraft. One reason is the

* high downwash created by the upper surface blowing. This high
downwash tends to reduce the contribution of the horizontal tail
to static longitudinal stability. This may be seen when one
examines the horizontal tail term in the longitudinal stability

5 equation.

The tail term is expressed by:

dCM -at1 dc (6)= a- (VH)ntjl - d)
C L Tail

from Reference 5.

When the change in downwash with change in angle of attack term
(dl/da) approaches one, the tails contribution to stability
approaches zero. This relation seems to indicate that upper
surface blowing concepts, such as that employel on the Jetwing,
may be better adapted to Canard configurations which only depend
upon the horizontal surface for balance and control, and not for
longitudinal stability.

The high downwash may not be the prime cause for the insta-
bility of the Jetwing, however. If one compares the tail volume

I coefficient (7H) of the Jetwing with that of other recent
powered lift aircraft one may discover another potential cause.
Table 6 makes this comparison.

*1] TABLE 6

. HORIZONTAL TAIL VOLUME

I, COEFFICIENT COMPARISON
i..

1 AIRCRAFT V_

JETWING JW-1 0.74

YC-15 1.323*

YC-14 1.60*

SNASA QSRA** 1.898t

* APPROXIMATE CALCULATION FROM SCALE DRAWINGS

** QUIET SHORTHAUL RESEARCH AIRCRAFT

1t FROM REFERENCE 6

II

----- - --. , - -- E
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I This table shows that the Jetwing has only one half the
tail volume coefficient of other recent powered lift aircraft,
and may explain much of the reason for the poor longitudinal
stability characteri stics.

b. MANEUVERING STABILITY. Results of maneuvering stabi-
lity tests in the low cruise configuration, as plots of stick
force (FS) and elevator position (6e), are shown in Figures 71,
72, and 73. These plots show low values of maneuvering stabi-
lity as might be expected from an airplane with its center of
gravity located aft of its longitudinal stability neutral point.
Figures 74, 75, and 76 are similar plots for the power approach
configuration. These plots show a somewhat better level of

cant improvement in handling qualities when the aircraft is in

the approach configuration. Maneuver points were extrapolatedI using the methods of Reference 4 and are summarized in Table
7.

TABLE 7

SUMMARY OF
MANEUVER POINT LOCATIONS

S T i C KFORCE ELEVATR-POSITION
CONFIGURATION MANEUVER POINT MANEUVER POINT

LOW CRUISE 37.5% M.A.C. 42% M.A.C.

POWER APPROACH 41.5% M.A.C.j 45% M.A.C.

The location of these maneuver points with respect to the longi-
tudinal stability neutral points shows that the pitch damping is
not significantly affected by the upper surface blowing concept
used on the Jetwing.

During maneuvering stability tests In the power approach
configuration at the most forward center of gravity the right
outboard wing panel was apparently stalled. This occurred at a
load factor of 1.65G which corresponds to a lift coefficient of

1 CL a 3.24 and at a Cj of 0.48. The aircraft rolled 908 right
p• j rather rapidly, but recovered from the maneuver by a normal
* stall recovery control application. Upon comparing the data

from the event with the rolling moment (Cp) data from the
NASA-AMES 40 x 80 foot wind tunnel, it was discovered that the
flight test data correlated well with the wind tunnel data since
the tunnel data shows large rolling moments developing at near
the same lift coefficient. This tunnel data is shown in Figure

f I 77. It is also interesting to note that at higher blowinq
coeficients the tunnel data shows that this rolling moment
change does not develop. This data indicates that higherI blowing will prevent the stall.

_I
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FIGURE 71

JETWING JW-1, N27BB
Fs and 6 e VS nz

CRUISE, GEAR AND FLAPS UP

133 KCAS, POWER FOR LEVEL FLIGHT
T.O. WEIGHT 3757 LBS

lo - C.G. AT 31.93% M.A.C.
2.60 L.E.D.
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1 FIGURE 72

JETWING JW-1, N27BB
Fs and 6e vs nz

CRUISE, GEAR AND FLAPS UP
133 KCAS, POWER FOR LEVEL FLIGHT

T.O. WEIGHT 3707 LBS
C.G. AT 33.6g% M.A.C.10 s 1.82 L.E.D.
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I
FIGURE 73

JETWING JW-1, N27BB
Fs and 6e vs iZ

CRUISE, GEAR AND FLAPS UP
133 KCAS, POWER FOR LVL. FLT.

T.O. WEIGHT 3657 LBS
C.G. AT 35.37% M.A.C.
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FIGURE 74a

IJETWING JW-1, N27BB
F vs n z

POWER APPROACH, GEAR DOWN
FLAPS 300, 71 KCAS

POWER FOR 30, DESCENT
T.O. WEIGHT 3757 LB

C.G. AT 31.93% M.A.C.
6s= 2.30 L.E.D.
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I
FIGURE 74b

JETWING JW-1, N27BB
"6e vs nZ

POWER APPROACH, GEAR DOWN
FLAPS 300, Z] KCAS
POWER FOR 3 DESCENT
T.O. WEIGHT 3757 LB

C.G. AT 31.98% M.A.C.

£ o- 6 = 2.3 L.E.D.
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Figure 75a

SJETWING JW-I, N27BB
Fs vs nz

FLAPS 300, 71 KCAS
POWER FOR 30 DESCENT

T.O. WEIGHT 3707 LBS

C.G. AT 33663% M.A.C.
6s 1.3 L.E.D.
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i FIGURE 75b

JETWING JW-1, N27BB
i VS v z

POWER APPROACH, GEAR DOWN
FLAPS 300, 71 KCAS

POWER FOR 30 DESCENT
T.O. WEIGHT 3707 LBS
C.G. AT 33.63% M.A.C.

S6 1.30 L.E.D.
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I FIGURE 76

JETWING JW-1 , N27BB
F s and 6e vs Nz

POWER APPROACH, GEAR DOWN
FLAPS 300° 71 KCAS

POWER FOR 3 DESCENT
T.O. WEIGHT 3657 LB

C.G. at 35.37%
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c. FLIGHT PATH STABILITY. The flight path •tability of
the Jetwing is excellent, with little change occu Ing in the
slope of the flight path angle (y) versus airspee curve through
a wide range of approach airspeeds. This level o, -light jath
stability is reflected in the plot of flight path angle versus
equivalent airspeed in the power approach configuration shown in
figure 44. The aircraft will meet the flight path stability
requirements of MIL-F-8785B for Level 1. having a slope of
flight path angle versus airspeed of .0667 degrees/knot at its
70 knot approach speed. At five knots below this speed the
slope has changed only .0"33 degrees/knot. This good level of
flight path stability reduces pilot workload during the
aoproach and allows him to concentrate his efforts upon over-
coming the longitudinal instability. Excellent flight path
stability appears to he one of the handling qualities pluses
for powered lift aircraft.

d. LONGITUDINAL DYNAMIC STABILITY. The long period
I dynamic longitudinal stability, or Phugoid oscillation was

evaluated in the same configurations and centers of gravity
as was the static longitudinal stability. In the clin con-

I figuration the aircraft displayed an aperiodic divergence at
all centers of gravity tested. Results at the most forward
an1 rtost aft centers of gravity tested are shown in Figures
78 and 79. Such results might be expected from an aircraft
which is at. or behind, its stick fixed neutral point.

In power approach the aircraft was somewhat better
behaved. Phugoid oscillations did occur at the most forward

i and Intermediate centers of gravity, but did not occur at the
aft center of gravity, Table 8 surmmarizes the results in
this configuration.

TAULE 8
JETWING POWER APPROAC:N

P11UGOIU SUM4MARY

SC.G. POSITIONT PERIOD FACTOR FREQUENCY

31.9311 M.A, 1  •1,? sc -.1 0.298 Rad/sec

2 1 33.63.; sec -. 05 0.3 Rad/sec

34.4% M.A.C. No oscillation ---

Results did not vary significantly between controls free and
controls fixed.

I The longitudinal short period notion was evaluated in the
same configurations as was the maneuvering stability. In the
low cruise configuration the short period has a half cycle

I time of approximately 0.4 seconds with a damping factor (r
In excess of 0.5. The natural frequency (,)nsp) was approxj
mately 5 Rad/sec.

I 4 -. *
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The power approach short period oscillation was so
heavily damped that it was not possible to determine its
parameters with the instrumentation installed.

j e. LONGITUDINAL CONTROL AND TRIM. Longitudinal trim
changes were evaluated for the configurations shown In Table
2 at the most forward and most aft centers of gravity. Two
and one half pounds was the maximum stick force experienced
for any of these trim changes at either center of gravity
position. In other words longitudinal trim changes arej almost non,-existant, considerably reducing pilot workload.

Longitudinal control was more than adequate for all
flight conditions except those at very low airspeed. During
performance testing a partial horizontal tail stall was
experienced at a calibrated airspeed of 52 knots, with gear
down and flaps extended 300. The power setting was approxi-
mately 90% N1. This phenomenon had also been experienced
during the Ball-Bartoe flight test, but only with greater
flap settings.

The problem is caused by the rather thin (8% thick) sym-
metrical horizontal tail section, which has a small leading
edge radius, and the high downwash created by the deflected
flaps and the upFer surface blowing. As was stated earlier
upper surface blowing concepts such as this might be more
effective as Canard configurations. If conventional tail
configurations are used they should have special treatment
such as camber, increased thickness and a large leading edge
radius.

10. APPROACH HANDLING QUALITIES EVALUATION. The approach to
landing is iaTtime of high pFlot workload especi aly when
landing upon the pitching deck of an aircraft carrier.
Therefore, if powered lift concepts are to be used aboard

¶ ships they must not require a higher pilot workload than do
conventional aircraft. As a result, the approach handling
qualities while tracking glideslope and deck centerline
should be equal to or better than conventional aircraft.

The approach handling qualities for the Jetwing were
evaluated on 3* and 6° glideslope approaches with theaircraft loaded to its most aft center of gravity location.
Ten approaches were flown on each glideslope using a Visual
Approach Slope Indicator (VASI) as a glideslope reference.
Approaches were flown in varying levels of atmospheric tur-
bulence and in headwind, tallwind, and windshear conditions
to determine the effects of these parameters on the handling
qualities and pilot workload.

The evaluation methods consisted of having the pilot
assign a Cooper-Harper Rating to each approach and to

recordi time histories of all primary cnntrol movements
during the appraoch. The control movement time histories were
time sequenced with a 16mm movie camera mounted atop the ver-
tical fin. This movie film showed how well the pilot tracked
the glideslope and runway centerline and gave some indication
of the reason for the control movements.

.7-
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Figure 80 shows typical control movement time histories
for 30 and 60 approaches. These traces show that the number
of control movements during a typical 3* and 6° approach is
not large. The number of required movements does increase
with an increase in turbulence intensity as would be
expected, but this increase appears to be proportional to
the turbulence increase and not greater than the turbulence
increase.

Pilot ratings for the various approaches are summarized
in Table 9.

TABLE 9

APPROACH HANDLING QUALITIES
PILOT RATING SUMMARY

APPROACH TURBULENCE WIND WIND PILOT
SLOPE INTENSITY DIRECTIOý SHEAR RATING

3* Calm None No 3

Light to

3 M Moderate Tailwind Yes 5

6° Calm None No 4
Light't- " . .

60 Moderate Headwind Yes 4.5
Lighit

60 Moderate Tailwind Yes 6

NOTE: The smallpr the pilot rating number the better
the rating.

The main factor in degrading the pilot ratings was the
poor longitudinal static stability which required the pilct
to pay more than usual attention to airspeed control. If the
airplane had been stable longitudinally it would h.,rvr teen

lot given Pilot Ratings one to two numbers smaller in each of the
cases shown in Table 9.

The conditions of an approach with a tailwind is a more
demanding case for a powered lift airplane, and is uncomfor-
table for the pilot. The tailwind causes the aircraft to
overfly the glideslope. In order to coriet for this, the
pilot must reduce power since power is the primary means for

I changing flight path angle. However, a reduction In power
also means a reduction In CLMAX capability of the airplane.
As a result, the pilot must pay close attention to reductions
in power while at approach speeds which are below power off
stalling speed. The requirement for paying more attention to
power setting further divides the pilots attention and

3-: - ..-
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increases his workload. A headwind does not create the same
problem since it may be countered by simply increasing the
approach speed. As may be seen in figure 44 a large speed
increase may be made without significantly changing the
flight path angle.

One additonal item which reduced the pilot ratings
during 6" approaches was forward visibility. In a 6I

Sapproach the forward visibility in the Jetwing is poor. This
factor caused an increase in pilot rating number of at least
one number between the 3° and 6* approaches.

The flight characteristic which decreased the pilot
rating numbers over what they might have been was the
excellent flight path stability. In all approaches except
those with a tailwind it is possible to fly the approach from
glideslope capture to landing flare without a throttle move-

ment. This factor considerably reduces pilot workload, and
on the Jetwing allowed time to compensate for the longitudi-
nal instability. Other Jetwing flight characteristics which
contributed to improved pilot ratings were the small trim
changes, the strong directional stability, and the good Dutch
Roll characteristics.

In general, if a powered lift aircraft of the Jetwing
type can be made longitudinally stable through aerodynamics
or a stability augumentation system, its approach handling
qualities should exceed those of conventional airplanes.

11. TAKEOFF AND LANDING TESTS. Takeoff and landing tests
were conducteUiti the aTrc-raFt loaded to 3686 lbs. at a
center of gravity of 35% M.A.C.. Data were recorded on five
takeoffs and five landings per the procedures outlined in the
test procedures section of this report. Each takeoff and
each landing was r, iced to no wind, sea level standard con-
ditions at a Gross Weight of 3600 lb$. per the procedures
described in Appendix II. The resultant distances from the
five takeoffs and landings were averaged to obtain the final
distances which are shown in Table 10. The takeoff data
reflect a thrust to weight ratio of .497. Thrust reversing
was used on all landings.

TABLE 10

JETWING JW-1, SEA LEVEL, STANDARD DAY
NO WIND, TAKEOFF AND LANDING DISTANCES

AIR DI Nrr•N TE -ST•-ITEM GROUND ROLL OVER 50 FT OVER SO FT

TAKEOFF 954 Ft 308 FT 1262 FT

LANDINGI 842 F 719 FT 1561 FT

The landing distances could have been shortened con-
| siderably if the aircraft had a more effective braking system

and a landing gear designed for high sink rates.
b

II
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The effects of a headwind on the above distances are
shown in Figures 81 and 82. These figures show that 30 knots
of headwind such as might be experienced on a ship at sea
would reduce all ground roll distances to under 500 feet.

j 12. LASER VELOCIMETER THRUST MEASUREMENT. The intent
of the-Taiser velocimetertes- was to attempt to measure the
installed gross thrust of the Jetwing in a static condition,
and to evaluate the ambient air mixing of the ejector formed
by the upper wing. These tests led to mixed results. First,
the attempt to measure gross thrust cannot be considered a
success. In the attempt to measure the installed static

i thrust several problems were encountered. The two primary
problems were: I. the length of time required to obtain
individual data points, and 2. the determination of the mass
flow rate through the engine. The first problem has con-
siderable impact upon the second. There are three factors
which are related to each of these problems. The factors
are:

1. Insufficient mechanization and automation of

the laser velocimeter.

2. Sunlight reflected from the aircraft surfaces.

3. The small number of particles in the jet exhaust.

A large amount of mechanical design work needs to be
accomplished before the laser velocimeter will be practical
for use in thrust measurement on as complex a configuration
as the Jetwing. The velocimeter used in these tests did not
have the capability for rapid movement from one measurement
point to the next. The prime reason for this was that little
effort has been spent in automating and mechanizing the
method for pointing the laser. Previous uses for the laser
velocimeter have not required such automation eind mechaniza-
tion. As a result, all pointing adjustments were made byj hand. This hand adjustment consumed considerable time and
introduced errors into items like mass flow rat,! which are
affected by changes in atomspheric conditions. For this kind
of testing the laser velocimeter needs to have the capability
for automated, rapid, three dimensional rivement.

Reflected sunlight also posed a problem during the test.5 Reflected sunlight tends to show up as white noise in the
data and increases the time required for the velocimeter to
determiine velocity. Three methods were used during the test
to combat this problem. The first method was to move theI aircraft and test rig under cover. This change of testing
location helped the problem but did not completely solve it.
The second method was to paint certain aircraft surfaces flat
black. This too was helpful, but was not a complete solu-
tion. The third solution, which proved to be fatal for
collecting meaningful mass flow data, was to stop taking data
when within 11 to one inch of the reflective surface. The
- roblem with this solution will be further discussed later.
robably the best solution for the sunlight problem would be

* to test in an enclosed structure with indirect light, or to
test after dark.
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The small number of particles in the jet exhaust was
somewhat of a surprise. Prior to the start of testing it wa_
thought that the by-pass air exhaust would present a problem
due to a lack of particles. However, when testing began it
was found that the hot exhaust presented the largest problem.
Since the laser velocimeter works by measuring the doppler
phase shift of light reflected from microscopic particles in
the flow, the flow must contain sufficient particles to
reflect the light, or the laser must have sufficient power to
reflect light from fewer and smaller particles. The laser
used in these tests only projected from one to one and one
half watts of power, and required considerable time to see a
large enough sample of particles to calculate the flow velo-
city. Long periods of time for data collection were par-
ticularly true in the hot exhaust where up to 30 seconds were
required for each data point. The solution to this problem
appears to be a more powerful laser, or the seeding of the
flow with some particles which would not be destroyed by the
high temperatures and not be harmful to the engine.

To obtain installed static thrust data using the method,
the problem of determining mass flow rate through the engine
still remains. The initial plan during these tests was to
measure the velocities of the flow at the inlet along with
the necessary atmospheric parameters, and calculate an inlet
mass flow. Then, by obtaining velocities, pressures, and
temperatures of the air at the cold duct nozzle the mass flow
through the cold duct could be calculated and subtracted from
the total mass flow in order to determine the hot exhaust
mass flow. However, as mentioned previously, a problem with
sunlight reflected from the inlet lip made data collec-tion
near the lip very difficult. As a result, the plane where
data were taken was moved one inch forward of the inlet lip.

Figures 83 and 84 are representative plots of the velo-
city profiles taken at the inlet data plane. By use of both
horizontal and vertical profiles, a three dimensional average
velocity was obtained for the inlet for each power setting
tested. These average velocities along with the atmospheric
data were used to calculate a mass flow at the inlet.

Table 11 shows the results of these mass flow calcula-
tions along with the calculations for the mass flow in the
cold and hot ducts as determined by the method previously
described.
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I
TABLE 11

I JETWING ENGINE MASS FLOW
SUMMARY

POWER INLET COLD DUCT HOT DUCT

SilTING MASS FLOW MASS FLOW MASS FLOW

J 40% NI 19.9 lb/sec 17.6 lb/sec 2.3 lb/sec

55" N_ 28.9 lb/sec 27.4 lb/sec 1.5 lb/sec

701 Ni 31.6 lb/sec 31.2 lb/sec 0.4 lb/sec

The error in locating the data plAne one inch ahead of
the iplet lip is shown by this table .t all power settings,
but is more pronounced at the higher Dower settings.
Obviously, at a power setting of 70% N, the gas generator
requires more than 0.4 lb/sec. of air to operate the engine.
The reason for this discrepancy can be understood when one
considers that in a static condition a large mass of air is
pulled by the engine from behind the inlet plane as well as
from in front of it. During the test it was not felt that
the error introduced by moving the data plane would be large,
and the actual magnititude of the error was not discovered
until it was too late to repeat the tests. These errors,
along with the time required to collect the velocity data,
preclude any meaningful calculation of thrust.

Even though the laser velocimeter in its current state
of development has shortcomings as a thrust measuring device,
it is quite useful for studying the air flow. Figures 85
through 90 are representative velocity profiles of the cold
and hot exhaust ducts taken at a 55% N1 power setting with

I mthe upper wing removed. For comparison Figures 91 and 92 are
. velocity profiles measured vertically between the main and

upper wing at the trailing edge of the upper wing. A com-
*' parison of these sets of figures shows that some mixing bet-
j' ween the primary and secondary air streams is occurring in

the ejector formed by the upper and main wing. However, this
mixing is not optimum and would require substantial improve-
ment for effective thrust augumetation. Figures 93, 94 and
95 are vertical profiles measured between the main and upper
wing at the leading edge of the upper wing, or at the Inlet

"to the ejector. These profiles also show that there is
m secondary flow through the ejector, and should be useful data

in any attempt to improve the efficiency of the ejector.

In summary, the laser velocimter has problems as a
device for use in thrust measurement, with the major problem
being the time required to obtain data. However, as a device

"" for studying air flows it appears to be superior to other
* techniques since it does not disturb the flow while taking

the measurements.

1 .- ,r-' .- - - - - - -•" ... : -- -'- - " 1 I I 'r -" t I I
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II
SECTION VII

I CONCLUS IONS

As a result of the the test program, the following
I conclusions were reached:

1. The effects of power on the calibration of the Jetwings
airspeed system were minimal.

2. The correlation of the results of the simple thrust cali-
1 bration method used with those of the NASA Ames 40 x 80

foot wind tunnel were excellent. This excellent correlation
increased confidence in the method when used for other
configurations.

- 3. The correlation between the flight test results and those
of the NASA Ames 40 x 80 foot wind tunnel is sufficient
to justify the use of the wind tunnel results for extra-
polation to future designs.

4. The Jetwing has excellent rolling performance, comparable
to conventional airplanes. This is accomplished without
special systems.

5. The lateral-directional stability of the Jetwing is
conventional with strong directional stability being
exhibi ted.

6. The static arid dynamic longitudinal stabilities ol the
Jetwing are negative for most of the configurations and
centers of gravity tested. This instability appears
correctable by proper location of the center of gravity,

,. and the installation of a larger horizontal tail.

I 7. Pitch damping and maneuvering stability are positive and
help make up for the lack of longitudinal stability. The
longitudinal short period also helps by being heavily
damped.

8. The longitudinal trim changes for configuration and power
change are very small and help to improve the longitudinal
flying qualities.

9. The Jetwing exhibits a horizontal tail stall at very slow
airspeeds with the flaps deflected. This objectional
characteristic prohibits a complete evaluation of the
low speed performance and handling qualitie', but appears

9 to be correctable by an improvcd horizontal tail do9,,.

I
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10. The handling qualities of the Jetwing In both 36 and 66

glideslope approaches are acceptable in spite of the
I longitudinal instability. These acceptable handling

qualities are primarily due to the excellent flight path
stability, the small longitudinal trim changes, and the slow
speed of the approaches.

11. The handling chlracteristics of powered lift airplanes
IIn the landing flare ire unusual and may require special
consideration in training.

12. ihe takeoff and landing dl,.tancey of Vie Jetaing ore very
short. This is esperially tr when WStrong headwinds
exitt.

13. The laser velocimewr is an *Lcollont tool for 4tudylng
air flow. Hnwevor, as a thrust mastur'tig device It has
sevro1i shortcomings, Tho laroest Of thwie thortLomingt
Is tth amount of time required to take Individual lota
pol nts.

14. As A gentral conclusion, the ,)etwioll concolit stYwI. promise
ss o single anjint Wall, V01. c oncolt lfo ipplicktion to

several military aircraft cattgurirb. The ioncept has
demonstrated the ability to achieve high lift CoefficIen,
drd rolultant perf•r'omnce with a aimflw. iAnd Inexpantive,
approsch, All desgn problem% encointerad duel" this
program appear to he corrpitatlo, and wro, the rosult
of poor design of the rostarch airplane rather than some
inherent flow in the conc.pt,

I

I

I ia. ~
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I
ILCTION Vill

ALCOMMLNDAT IONS

Aftr en evaluation of the test results, and the conclu-
si,,ns reached flero these results, the following items are
racomandod:

1. That the NASA l•nes 40 A 80 foot wind tunnel data, along
with the data froin this report, he used for extrapolating
the Jotwing concept to future aircraft designs.

7. That Ilritiunal studios he conducted on the Jetwing
resvorch aircraft with an or larged, redesigned horl-
rontal t4el. Theso studies should be done to confirm
that such aircraft can he designed without longitudinal
itahility and control problems, and to further investigate
the low sped capshilities of the concept.

3. lhAt strong wonsideration he given to continued development
of such toihnulogy for ap:licatio, to future military
aiercraft,

I

I
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The following sketches and dimensions give the geometry

and areas of the ejector formed by the upper wing on the

Jetwing research aircraft. The areas were measured at the

locations shown in Figure 1-1.

__ L C ..""D

FIGURE I-I

LEFT WING COLD DUCT EJECTOR AREA A

15-. 15.0 , 3.251 - ."

3.5"1 4.1", 4.25" 5.875"

14.75" 23.25 .-. 32.0"
I I 

-

TOTAL AREA = 56.05 + 162.0 = 218.05 sq. in.

LEFT WING COLD DUCT EJECTOR AREA B
-- •,,_ ~31.•511 --- 4

K-14.75"-'13.2,• .- _1 .~ .

27~~I7~~~2j875 1_______

2.1.552"7 
4.0"1

T1in
TOTAL AREA = 34,48 + 108.28 = 142.76 sq. in.
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I LEFT WING COLD DUCT EJECTOR AREA C

S14.75" .25 
31 5'

3.875" 4.425" 4.875" 5"

.- 14.75'4.25- 3.625'2

I "-!--- 31'5 "

TOTAL AREA - 61.21 + 171.03 - 232.24 sq. in.

1 LEFT WING COLD DUCT EJECTOR AREA D

15.75.~-2- - 34.5" - --1

3.125" 4.0" 4.0" .51 5.375"

k- 16,25"- 26" -•
, -- 34.375"

TOTAL AREA = 56.11 + 180,57 a 326,69 sq. In.

LEFT WING HOT DUCT EJECTOR ARS.A -A. o

A- 21875"3. 511" 3.875"

_ _I _i

'" h'- - 20.5" -

, . JTOTAL AREA = 75.59 sq. in.

j LEFT WING HOT DUCT EJECTOR AREA B

20.75" - "
-T-

j1.5"
1.25"

20.5"... .
TOTAL AREA 28.19 sq. iri.

I " " . . J. . .
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LEFT WING HOT DUCT EJECTOR AREA C

r 20.75" -'P

6 
7.0"

_______I
20.51"

TOTAL AREA = 133.25 sq. in.

S

LEFT WING HOT DUCT EJECT)R AREA D

18.5"

5.5"1 6.125"

18.25"1

TOTAL AREA = 110.64 sq. in.

LEFT WING ENGINE NOZZLE AREAS

Cold Duct Area : 76.237 sq. in.

Hot Duct Area = 48.2 sq. in.

LEFT WING EJECTOR AREAS RATIOS

COLD DUCT

A/B = 1.53 Nozzle/B = 0.53

Nozzle/C = 0.33 D/C = 1.02

HOT DUCT

A/B = 2.68 Nozzle/B = 1.71

Nozzle/C= 0.36 D/C = 0.83
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I ,RIGHT WING COLD DUCT EJECTOR AREA A
32 .0" -1. 25 2 _ 15 .o '--

6.0 1 4.0 " 3. 511 3.0"

31-- 3. 5" --- 13  " 15.--i0.o" --
TOTAL AREA = 50.625 + 157.5 = 208.125 sq. in.

I RIGHT WING COLD DUCT EJECTOR AREA B

31.375" -13.2 -14.75"

4.25" 3.0" 75 1.875"

31 .2 51 - - 13 ý-, 14.6 /___L

TOTAL AREA = 33.82 * 113.28 = 147.1 sq. in.

j RIGHT WING COLD DUCT EJECTOR AREA C
31.375" 2 - - - 14•.75-•5

6.5"1 4.75" .5 3.625"

4 ' I • 31.25"

TOTAL AREA = 59.41 + 171.7 = 231.11 sq. in.

RIGHT WING COLD DUCT EJECTOR AREA D
3 4 .75 " - -- a-+w-- 1 6 .0 " - -.

-|I -I.-•"-
5.37" 3875 3.0"-

I585 16. 0 -4

34. 375" -~I TOTAL AREA = 55.0 + 154.9 209.9 sq. in.

I

3 ..

* . . .. I !-
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I RIGHT WING HOT DUCT EJECTOR ARIA A

i r -
3.75" 3. b"

21.0"

TOTAL AREA , 76,125 sq. in.

I RIGHT WING HOT DUCI EJI.CJOM AH!A Rtw,,-.. 20,7s•"

1.625"

- -• 20.3795"

TOTAL AREA * 31.84 •q, In,

RIGH7 WING HOT DUCT CJLC1UP. AR(A

7.12" L 6126"

20,375"
TOTAL AREA 11 135.42sqin

RIGHT WING HOT DUCT EJECTO• AP.LA

- ---18.5--

5.87 65 Z5
T

I 1.2" -4.
I'•TOTAL ARLA * 995.4) •q, in.

I.
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I
RIGHT WING ENGINE NOZZLE AREAS

Cold Duct area 75.528 ,q. in.

I Hot Dijct area - 48.1 sq. in.

SIGHT WING EJECTOR AREA RATIOS

COLDS DUCT

O A/Bl 1 .41 Nozzle/B - 0.51

I,,O 1 1No:"/C • 0.33 •/C - 0.91

A/I1 - 2.39 Nozzle/( - 1.51

Norrlo/., O.3bj Ot/L - 0.73

i
i
i
I
I
I

p1,
I'
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I INTRODUCTION

For powered lift aircraft both lift and drag are func-
tions of the blowing coefficient (Cj) in addition to the
angle of attack. This fact presents certain problems when
the conventional speed-power performance techniques are used.

The conventional techniques, such as the constant W/ 6
techniques, assume that the lift coefficient (CL) is not a
function of thrust. Since this assumption will not hold for
a powered lift aircraft, constant W/6 data will no longer
normalize into a single curve good for all altitudes and tem-
peratures. The ability to normalize data into a single curve
good for all temperatures and altitudes is one of the main

I reasons for using the W/6 method. Therefore, some other
technique must be applied to powered lift aircraft.

* V- y METHOD

The technique most commonly applied to powered lift
aircraft is the airspeed (V) versus flight path angle (y)
method. This method is based upon the assumption that, for a
given thrust, flight path angle is a function of airspeed.
The V-) relationship defines a level of excess thrust for
each combination of V and y. As a -esult, this excess thrust
may be converted into common aircraft performance parameters,
such as rate of climb, acceleration in level flight, maximum
level flight speed, etc. Since the rate of climb, or acce-
leration in level fl;ght, is a function of excess thrust,
excess thrust may be determined in flight test by using
either of these two items as a flight test technique.

For the tests described in this report, the steady climb
technique was used. This technique generates a plot of alti-
tude versus time which, when corrected for instrument error,
is plotted as shown in Figure 11-i. To obtain rate of climb
the slope of the H versus t line must be taken at a given
altitude. This was done using a digital computer which
averaged each pair of points and calculated the slope of the
resulting line. This slope was then corrected for temperature
to obtain the rate of climb (dH/dt).

Once the rate of climb (IH/dt) is obtained the flight
path angle (y) is obtained using the following relationship:

"sin "y = dH/dt
I VT

For a steady climb the excess thrust (FEX) can be found from
the equation.

FEX FG - D = Wsin Y (11-2)

where: D = The total airplane drag including ram drag.

" ~I

p.. -
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I
In a steady climb the lift is related to the weight through
the following relation:

L = Wcosy (11-3)

If we solve for the weight in equation 11-3 and then substi-
tute for the weight in equation 11-2 we have, written in
coefficient form:

CFEX = CLtan y (11-4)

Using this equation we may obtain plots of excess thrust
coefficient (CFEX) versus lift coefficient (C ) However,
these plots wou d only be good for the altitule, temperature,
and aircraft gross weight conditions where the test data were
obtained. What is needed is a method to correct the data to
a single plot at sea level standard conditions. Then, by
using a reverse technique, the data could be extrapolated to
any condition of altitude, temperature or weight. Such a
method was developed by Parks in Reference 7 during the
YC-14 program.

Parks' method is based upon the assumption that, for a
given configuration, the value of tan y for steady state con-
ditions will not vary if lift coefficient (CL) and blowing coef-
ficient (Cj) are held constant. Parks arrived at this
conclusion by using the relation for excess thrust coefficient

(CFEX) devoloped by Williams in Reference 9.

KC1 2SCF EX= CJ -•A 2j - CDo (11-5)

NOTE: The two dimensional blowing coefficient (Ci') of Williams
equation has been replaced by the three dimensional blowing
coefficient (Cj), and CD contains all nonlift dependent drag
terms. o

If equation 11-5 is divided through by C1 it is then possible to
see that, for values of constant CL and Qj, CFex must also be
constant since other variables are fixed. If we then return to
equation 11-4 we can see that the flight path angle (Y) must
also be constant. If y is constant, then the lift coef-
ficients from two different flight conditions in the same con-
figuration may be set equal. This relation will then allow usto correct data to different conditions such as sea level stan-
dard conditions.

If the variables are referenced to a climb or descent at
standard weight, the only correction required is that for
weight.
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I
For instance the airspeed correction may be derived by

equating the lift coefficients for the test and standard con-
ditions and solving for the corrected equivalent airspeed (VEW)
as shown below.I

W5cosy WTCOSY

1/2%v wS 1/2PoVE2S (11-6)

I S1/VEW = E (__)I/W
i WT (11-7)

When CL and Cj are constant as was assumed by Parks then
the ratio of CJ/CL must also be constant for different flight
conditions. This equality allows us to correct the observed
thrust (FG) to standard conditions (FGS) through the following
relations:

FGS F G

I Wscosy WTcosy

(1I-8)

j Solving for FGS we have:

FGS =FG (WTS)

Since the flight path angles (y) were equated their correc-tion is not required and a plot may be constructed of Y vs

VEW for various values of FGS.

For the Jetwing program data were collected by making
climbs or descents at a constant airspeed and power setting.
Four separate power settings were used at each constant
airspeed, and four plots of vs. t, such as is shown infigure II-1, were obtained for each airspeed. Once the slope of

Hvs. t has been obtained from a plot the data wererpedvucsed to sea level standard conditions using the reduction
sequence shown in Table II-l.J{ I

Once corrected the data were plotted on individual plots for
each airspeed as shown in Figure 11-2. With plots such as this

S1i for each airspeed and configuration tested, the combined V-Ymaps
Isuch as is shown in figures 42, 43, and 44, in the body of the

report, were constructed.

!I



11-6

II

4J

C S..

In

cIfl
CD~ C) .D CDC)C)C

Cý~~~. CD 0) D DC

4-i
or

00 0) 0 00

-A - .i

CD'.

00-1

LU

0i '



"H-7

lI

Tat:le 11 - 1 Sample Data Reduction
From Reference 6

No. Quantity Reference Units Value

I Vi Flight Data Knots 165

12 V1  Instrument Cal. Knots 165

3 VC Position Corr. Knots 167.5

1 4 Hpi Plight Data Feet 4325

5 Hpi Instrument Cal. Feet 4305

6 Hpc Position Corr. Feet 4370

7 4 at Hpc Altitude Tables N/D 0.8519

8 OATi Flight Data OF 65.5

9 Tai Inst. Cal. _(8in OC OC 22.61

10 Tai 273.16 + T OK 295.77

11 TS at Hpc Altitude Tables OK 279.50

12 ae1 /288.16 N/D 1.02641

13 4eA N/D 1.01312

14 7 1/2 /D 0.8300
Is 14 I/D 0.9110

* 16 VT 3 / @) Knots 183.9

17 ROC Flight Data Ft/Min -390
(observed)

is1 ROC (temp.corr.) (1'7 -x CILQ, Ft/Mmn -412
19 SinY 1 (0 x 101.34) N/D -0.02212

20 Y and Calculator Degrees -1.27

21 N1 at Hpc Flight Data % rpm 80

22 Nl/IV 21 / 13 % rpm 79.0

23 FG/6 22 and Lb 11501 Fig. 40, P. 67

24 FG x Lb 980

25 WT Flight Data Lb 3477.3

26 WS Arbitrary Lb 3600

27 WT/WS S7/ (B N/D 0.96592

28 (WT/WS) 1/22 NID 0.98281

_



I
Table 1I- I (continued)

m No. Quantity R tertencee Units Value

29 FGS / 27 Lb Lois

30 VEW Knot• 170.4

31a q o.Sxpox ((3x.6e99 Lb/i't2  95.12

! 3 2 b Cj U4 x 2) 3 /D 0O0VIom

33 0 Flight Data Degrees *.,

34 a Instrument Cal. Degrees 7.0

Note* Vi* 165 ktsj N1 a S00t ConfiguraLlonl Clesit,

ao - 0.0023769 slugs/ft 3 .

b5  " 105.6 ft 2 .

I

I
I

I

I

I

I i I IIII IiiI
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!

7AKL.OF AND LANDING DATA CORRECTION

I To correct the takeoff and landing distances to sea level
standerd conditions the air distances and ground roll distances
were separated for individual correction.

[tch takeoff or landing data run was corrected for wind
using the followinj empirical relations from Reference 10.

STVAKLO C GROUND DISTANCE WIND CORRECTION EQUATION.

3w ).85

5l 5 go(I V TOW) (1I-10)

whore Sol * the observeo ground distance corrected for winds

0go & the observed ground distance

Vw th wind vplocity component along the runway at

h feet height

Vlow $th true ground speed at takeoff

IAKL1O9 AIR DISTANCE WIND CORRECTION EQUATION

I S~~at " Sao 4 (Vw)t(I-)

I' l whir' 'al tc ot,served air distince corrected for winds

5,&) 0 the observed air distance

VW the wind velocity component along the runway
at a 2'i foot height

t • the time of night from liftoff to the 50 foot
" 1 height

44I

I , , .. . . . .
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I LANDING AIR DISTANCE WIND CORRECTION EQUATION

I Sat Sao + (Vw)t (11-1?)

where SaT the observed landing air distance corrected for
wr S winds

Sao the observed landing air distance

Vw -the wind velocity component along the runway
i at a 25 foot height

t = the time of flight from the 50 foot height to
touchdown

i LANDING GROUND DISTANCE WIND CORRECTION EQUATION

I S D + VW ) 1 .8-53
SgT = go V TO

I where SgT = the observed landing ground distance wind
corrected

Sgo = the observed landing ground distance

VTD = the touchdown airspeed

Vw = the wind velocity component along the runway
at 6 foot height

SAfter correction for wind the takeoff ground roll distance
was corrected for nonstandard weight, altitude, temperature, and
thrust using methods similar to those used for other performance
data and the following equation based upon the work of Park&,

fr 1
I s (WT, (3 )( -) (11-14)

g l giW F 
(gs

where Sgs = the sea level standard ground distance

I T = the test density ratio

S = the standard density rAtio at test field elevation
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In like manner the takeoff air distance was corrected to
standard conditions using the following equation:

sas - S)(T(I.)
aS gs (T-15)

where Sas = the standard takeoff air distance

Once each takeoff segment has been corrected the five runs
were averaged to obtain the average standard distance for each
segment. These average segments were then added together to
obtain the standard takeoff distance over 50 feet.

The landing distance corrections are somewhat simpler since
a correction for air distance is generally not considered. The
ground distance correction is also simpler since the thrust
terms are eliminated. These differences result in the following
equation:

W2(°

Sgs = SgT(W4) (,T) (11-16)

where Sgs = the standard landing ground distance.

Once each of the five segments are corrected the landing
data were averaged in the same manner as the takeoff data and
average standard landing distances obtained.

The takeoff and landing data reduction methods discussed
here are semi-empirical and are not exact. However, the error
introduced in takeoff and landing test data by pilot technique
tends to make all takeoff and landing data obtained by testing a
rough approximation.
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Table III-] lists the estimated weights, centers of gravity,
and moments of inertia for components of the Jetwing research
airplane as it was flown for this test program. The estimates
are based upon actual complete aircraft weights obtained daring
the test program, design weight and center of gravity estimates
from the Ball-Bartoe Aircraft Company data, and major component

m weight estimates from partial disassembly of the aircraft.

Also included in Table 111-1 are weight, center of gravity,
and moments of inertia for the total aircraft based upon the

I estimated component values.

I TABLE Il-I

JETWING JW-1
COMPONENT WEIGHT AND MOMENT

I OF INERTIA SUMMARY
(ESTIMATED)

I Item C.G. Coordinates Weight_ .Mass Moments of Inert. Product. of Inr.
( 4

*X Y z W II, z7
(inches) (LB) (sug- f

Fuselage 68.610 12.5 1083 89.2 1839.0 1829.4 0 0 79.4
Engine -50.6'0 4.6 633 28.1 357.3 364.4 0 0 -39.0

I Pilot and 70.0,0 16.0 200 17.7 230.1 214.6 0 0 41,1
Equipment

' Fuel 17.5,0 19.0 672 7213 120.3 70 ",V1

Ballast -75.8 0 13.3 412 6.5 507.1 507,1 0 0 -01.7

Wings 2.8 0 4.7 600 677.4 33.7 609.2 0 0 1.7S. . -... .. . .. - .......... .... . ..... ... -.... "" ".. .. .. . .. "4

Total 10.7 0 11.3 3600 892 3088 3595 0 0 -61
Aircraft

*Center of gravity coordinates are up positive in "I" dlretloii,
aft positive in "X direction and taken with respect to the followllU
references:

.1
-1
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. -- ERRATA UTSI REPORT 81-1

A FLIGHT TEST EVALUATION OF THE

BALL-BARTOE JETWING PROPULSIVE

CN
.- LIFT CONCEPT

PAGE # PARA. LINE CORRECTION

V i 3 4 trubofan - should be - turbofan

s • ii 3 1 add comma after - In conclusion,

. iii - Figure 12 Supercirtical - should be - Supercritical

.iv - Figure 25 Miliampmeter - should be - Milliammeter

xvii - a'I insturment - should be - instrument

26 2 1 this tests - should be - these tests

26 3 16 valves - should be - values

28 1 1 add comma after - conditions,

28 1 3 delete comma after - data

28 3 4 add symbol -

29 3 2 add comma after - testing,

30 2 4 intented - should be - intended

30 2 7 add period after - 90! and delete - roll.

32 3 9 poitions - should be - positions

3 10 locations - should be - location

- 38 1 4 pilots - should be - pilot's

3 5 2 "technique, sufficient"
should be "technique, a sufficient"

"40 4 7 delete comma after - "the nozzle,"

40 5 6 delete s on "speeds"

43 1 7 accurancy - should be - accuracy -

and - instrumentaton - should be -
instrumentation

45 4 1 add comma after - instrumentation,

I.o



2

45 4 3 add comma after - Dynamometer,

47 all - replace with new p. 47 attached

48 Figure 25 Miliampmeter - should be - flilliammeter

62 2 23 has - should be - had

62 3 2 too - should be - to and - pilots -

should be - pilot's

* 62 5 5 aircrafts - should be - aircraft's

66 1 4 Whitneys - should be - Whitney's

66 1 6 Jetwings - should be - Jetwing's

66 1 8 add comma after - approach,

.o70 replace with attached -p.70

72 replace with attached - p. 72

-9 73 replace with attached - p. 73

74 replace with attached - p. 74

75 replace with attached - p. 75

76 add-Wind Tunnel Run # 31

77 add-Wind Tunnel Run #25

78 add - Wind Tunnel Run #18

P 79 2 1 add comma after - In summary,

79 3 16 pltos - should be - plots

. 79 3 22 add comma after - upwash,

82 -83 add new page 82-1 attached

" 86 2 11 add comma after - friction,

90 Table 3 "R" at top of right hand column
should be - TR

90 1 7 1.0 seconds - should be - 1 .0
second

90 2 4 add comma after - sideslip,

91 4 5 "achieve a 20' of bank"- should be
"achieve 200 of bank".

" 91 4 7 will - should be - would

I'

S*p**.*".***.". " ..- . . . . . . . . .".. . . -.. . . . . ,". -...."



91 5 3 airplanes - should be - airplane's

104 1 1 longtudinal - should be - longitudinal

104 2 5 tails - should be - tail's

• 118 6 add comma after - words,

, 119 4 11 pilots - should be pilot's

125 2 7 add comma after - nozzle,
Di:

125 2 11 collec-tion should be - collection

140 Reference 1 add quotation marks after Colorado,"

i .:- 142 Conclusion #1 Jetwings - should be - Jetwing's

. 143 Conclusion #14 delete period after - inexpensive

144 1 3 recomended: should be - recommended:

• 1-3 Leftwing Cold Duct Ejector Area D,
Total Area should be 236.68 sq.in.

"11-5 1 1 add comma after - Instance,

II11-5 3 1 add comma after - equated,

11-7 Table 1l-1 "From Reference 6" should be From
Reference 8"

11-11 2 1 add comma after - corrected,

I
o.

.U -l

* U . .' r..~?.* < '* - * ... .C* . * .**** ** * *. . . .. .
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Aileron and elevator control forces were obtained by use of
a hand held force gauge (AMES GAUGE). Rudder forces were
obtained from load cells mounted on the rudder pedals. These
load cells were connected electrically, through a rotary switch,

1E to a milliammeter which coould be read by the pilot (See Figure
25). Control force instruments were calibrated by measuring the
force created by standard weights of various sizes.

Control surface position information was obtained by
attaching linear potentiometers to the control surface or control

I *pushrods as shown in Figure 26a, b , c and d. These poten-
tiometers were also connected to the milliammeter of Figure 25.
Calibration of these instruments was accomplished by measuring
control surface deflection angles and obtaining corresponding
milliammeter readings.

Angle of attack and angle of sideslip information was
obtained from the sensors shown in Figure 27. The angle of
attack and sideslip vanes drive rotary potentiometers which are
also connected electrically through the 12 position rotary switch
to the milliammeterof Figure 25. Calibration was accomplished
in a manner similar to the control surface position inistrumen-

r4 tation. Zero reference was the aircraft waterline for angle of
attack and the aircraft centerline for angle of sideslip.

. An accelerometer with a range of O-5G was installed so as to
be located at a nominal aircraft center of gravity. The output
of this accelerometer could also be read out oni the mill ianneter.

,I U In addition, the pilot also had available a panel mounted acce-
lerometer which could be used as a reference.

* ""A vertical gyro mounted near the center of gravity, above
the exhaust ducting, as shown in Figure 28, was used to determine
pitch and bank angles. Prior to installation this device was

1k calibrated with the instrumentation package on a calibration
bench. This device was also wired to provide a visual readout
through the milliammeter.

Rate gyr6s for the determination of pitch, roll, and yaw rates
were mounted at the aircraft's nominal center of gravity position

4 in the manner shown in Figure 29. These gyros were also bench
calibrated with the instrumentation package. Readout of the out-
put of these iristruments was also through the milliammeter.

All instrument readings which could be displayed on the
- * Milliammeter could also be recorded, three at a time versus a

time base, on a cassette magnetic tape reorder. These data
could ther be played back on an oscillograph or strip recorder
after the flight. The cassette recorder was located just aft of
the pilott seat.

Before being displayed on the milllammeter or recorded on
the cassette recorder, all data signals were amplified and con-
dititned in an instrumentation amplifier and signal conditioner,
locatd near the vertical gyro, as is shown in Figure 30. Power
for the electrical instrumentation was controlled through an
instrumentation master switch located next to the rotary selector
switch.1 ("*

• :I"., .. , -.- -, ". ..--. '."- '- -" ," , .' ." ' ." " *t "-<"- - "' t . ... . .' .l" '' '"' -.. . -°.
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CLF 1.5

1.4

1.3

1.2/

1.10C

1.09

m .7

O-FG 1600 LBS -.5 /
0OF S 1000 LBS>

0OFGS= 500 LBS .

F ~ 250OLBSGS OLS.3I
C)GSZ2

.2

F.36 .32 .28 .24 .20 .16 .12 .08 .04 -04 -.08 -.12 -.16 -.20 -.24
A FIGURE 45 Fe

JETWING JW-1
CL SCFex
Clean Configuration

WS 3600 LBS
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" ~Ci

2.8

"--2.6

/
-2.20

S"" //
"qn• 1.8 /
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1. 1-FGS 1600 LBS
0 I]- FGS = 1000 LBS

I.8 0- FGS = 500 LBS

-- F = 250 LBS
6 GS

"F GS ~ 0 LBS

.4

.2

.6 .5 .4 .3 .2 .1 0 -. 1 -. 2 -. 3 -. 4 -. 5 -. 6
CFex

FIGURE 46

JETWING JW-1
CL VS CFex
GEAR DOWN, FLAPS 15
Ws = 3600 LBS

-.r
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3.0

I. 2.8
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2.4
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FIGURE 47

JETWING JW-1

CL VS CFex
GEAR DOWN, FLAPS 300
Ss= 3600 LBS
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Figures 45, 46, and 47 demonstrate graphically why drag
coefficient is no longer a meaningful variable when applied to
powered lift airplanes. The right hand curve (Cj = 0) in each
of these figures would be the same as a conventional drag polar.
However, when thrust is applied to the airplane (Ca > 0), the polar
shifts to the left. If enough thrust (blowing) is applied, the
curves become negative. It is interesting to note that this
shift to the left only occurs for lift coefficients in excess of
zero (CL > 0). The reason for these unusual characteristics is

II Ueasily seen when one examines the drag equation for a powered
lift airplane.

2
K C,

CD CDo + (1)A + 2Cj

This equation developed by Maskell and Spence in Reference 2 for
jet flapped airfoils shows that the induced drag term of the drag
equation contains the thrust related term Cj. Cj, the blowing
coefficient, may be defined for the Jetwing airplane as:

Cj = (2)

Since this intermingling of thrust with drag invalidates the
conventional meaning of drag, equation 1 is generally expressed
as the excess thrust coefficient CFEX.

KC 2
CFEX = rCj - CDo - 2127j (3)

It may be seen from equation 3 that for the special case of
zero thrust (Cj = 0), the equation reduces to:

CFEX = -CD (4)

Therefore, when comparing performance of powered lift airplanes
one must always be sure to compare at equal values of Cj.

Sufficient performance data were obtained to make com-
parisons with the NASA-Ames Research Center 40' x 80' wind tunnel
data at blowing coefficients of Cj = 0.43 for the gear and flaps
up configuration, and at Cj = 0.75 for the other two con-
figurations. These comparisons are shown in Figures 48, 49, and
50. These figures show good correlation between the flight test
and wind tunnel data. The correlation should be even better if
an accounting is made of the trim drag difference between the
flight and wind t~jnnel tests. The reason for the trim drag
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"To make an approximate correction of the flight test data

in figures 54 thru 56 to geometric angle of attack the following

"- correction factors should be used:

-EFigure 54: Gear tip, Flaps Up

Correction: -50 at a' = 200

-20 at a' 50

with linear variation between given values

Figure 55: Gear Down, Flaps 150

, Correction: -6.5' at a' = 200

"-20 at a' 50

with linear variation between given values

Figure 56: Gear Down, Flaps 30'

Correction: -50 at a' : 200

-2' at a' = 50

Up Iwith linear variation between given values

.-'

'I.


